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INTRODUCTOKY NOTE. 



Tins collection of tables for non-condensing engines and boilers, and also the explanations relating to 
tliem, inelnding tliose which refer to Horse Power of Engines, and the Diagrams showing the quantity of 
water required per hoi'sc power per honl- for different degrees of expansion, was criginally prepared at the 
Hovelty lion Worla, New York, as a basis for the manufacture and sale of engines. 

The explanatory note relating to the Horse Power of Engines was prepared by Mr. Horatio Allen, 
President of tlie Novelty Ii'on "Works. 

The explanations in regard to the tables of engines and boilers were prepared by Mr. C. E. Emery, 
who made, for the Novelty Ii'on Works, the valuable cxpenments which formed the basis of the tables. 

The description of the manner in which the experiments were conducted is given by Mr. Emery, in a 
note accompanying the diagrams ; and the computations of the tables were also made by him. 

It was intended to publish the results of the experiments and the resulting tables in connection with 
the sale of engines, bnt the resolution of the proprietors of the Novelty Iron Works to close the works, made 
it necessaiy to withliold the matter from publication, notwithstanding it had been put into printed form. 

Believing that the information obtained and set forth in a manner so readily comprehended and 
applicable, may be valuable for reference to all who wish to manufacture or employ tlie non-condensing steam 
engine, I procured the matter already printed, with a view of publishing it in the form in which it is here 



This explanation is rendered necessary on account of the references to the Novelty Iron Worlsis which 
occur in the headings, and in other parts of the text. 

I have added notes and tables on the horse powers of boilers, and on boiler- explosions and safety 
valves, subjects connected practically with the manufacture and management of boilers, but which were not 
included in the original design of the publication by the Novelty Iron Works. 

The practical value of this extended list of engines and boilers to those who wish to purchase or 
manufacture engines for special purposes consists in this, that for a range of 5 to 300 horse power, a choice 
is offered of variom dimensions of engines, speeds of revolution and pr^sures of steam ; and for each engine 
in the list, the quantity of water, or steam, per hour which this engine will require is given. The list of 
hoQei's, on tlie other hand, furnishes the means of selecting the boiler or hoilei-s of the principal types 
necessary to produce this steam. 

Moreover, the diagrams showing the expenditure of steam or water per horse power per hour, for any 
degree of expansion in any particular engine witli a given pressure, fmiiish a ready means of comparing 
the performance of such engine with a perfect standard. 

The question of the limit of economy of expansion is here thoroughly and practically settled ; and 
the results, as was to be anticipated, coniinn the deductions of theory. 

The tables possess, therefore, a special interest, not only in their practical applications, but also in 
connection with corresponding theoretical deductions. 





W. p. TROWBRIDGE, 




ProfmoT of Dynamie En(jinuring. 


SHEPreLD SciisHTiPic School, Yale College, April 5, 1872. 
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■•ri© P©w©r tf Steam 



Bngittii. 



1^ HE power which a Steam Engine can furnish is generally expressed in " Horse Power." It will 
Tthevefore be of interest to most purchasers, and of special value to many, to have briefly stated, 
what is meant by a " Horse Power," and how it has happened that the power of a Steam Engine 
is thus expressed in reference to that of Horses. 

Prior to the introduction of the Steam Engine, horses were very generally used to furnish 
power to perform various kinds of work, and especially the work of pumping water out of mines, 
raiahig coal, etc. For such purposes several horses working together were required. Thus, to work 
the pumps of a certain mine, five, six, seven or some other number of hoi-ses were found necessary. 
When it was proposed to substitute the new power of steam, the proposal naturally took the form of 
furnishing a Steam Engine capable of doing the work of the number of horses used at the same time. 
Hence, naturally followed the usage of stating the number of horses which a particular engine was 
equal to, that is, its "Horse Power." 

But as the two powers were only alike in their equal capacity to do the same work it became 
necessary to refer in both powers to some work of a similar character which could be made the basis of 
comparison. Of this character was the work of raising a weight perpendicularly. 

A certain number of horses could raise a certain weight, as of coal, out of a coal mine, at a 
certain speed ; a Steam Engine, of eei'tain dimensions and supply of steam, could raise the same 
weight at the same speed. Thus, the weight raised at a known speed could be made the common 
measure of the two powers. To use this common measure it was necessary to know what was the 
power of one horse in raising a weight at a known speed. 

By observation and experiment it was ascertained that, referring to the average of horses, the 
most advantageous speed for work was at the rate of two-and-a-half miles per hour — that, at that rate, 
he could work eight hours per day raising, perpendicularly, from 100 to 150 S>s. The higher of these 
weights was taken by "Watt, that is, 150 lbs. at 2| miles per hour. But this fact can be expressed in 
another form: 2| miles per hour is 220 feet per minute (^^^—^-220^. 80, the power of a horse was 
taken at 150 ft)s., raised perpendicularly, at the rate of 220 feet per miniite. This also can be expressed 
in another form : The same power which will raise 150 ftis. 220 feet high each minute, will raise 
300 lbs. 110 feet high each minute. 
3,000 fbs. 11 " " 

33,000 ibs. 1 " 
For in each case the total work done is the same, viz. ; same munbcr of pounds raised one foot in 
one minute. 

If it is clearly perceived that 33,000 ibs., raised at the rate of one foot high in a minute, is the 
equivalent of 150 lbs,, at the rate of 220 feet per minute (or 2| miles per hour), it will be fully 
underst-ood how it is that 33,000 S>s,, raised at the rate of one foot per minute expresses the power of 
■one horse, and has been taken as the standard measure of power. 
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Horse Fower of Steam Engines. 



It has thus happened that the mode of designating the power of a Steam Engine has been by 
"Horse Power," and that one horse power, expressed in pounds raised, is a power that raises 33,000 lbs. 
one foot each minute. This unit of power is now universally received. Having a Horse Power 
expressed in pounds raised, it was easy to state the power of a Steam Engine in Horse Power, which 
was done in the following manner : 

The force with which steam acts is usually expressed in its pressure in pounds on each square 
inch. The Piston of a High Pressure Steam Engine is under the action of the pressure of steam from 
the boiler, on one side of the piston, and of the back action of the pressure due to the discharging 
steam, on the other side. The difference between the two pressures is the eft'ective pressure on the 
piston, and the power developed by the motion of the piston, under this pressure, will be according to 
the numbef of square inches acted on, and the speed per minute with which the piston is assumed to 
move. Thus, let the number of square inches in surface of piston of a steam engine be 100, and the 
effective pressure on each sqirare inch be 33 ftis., and the movement of piston be at the rate of 200 feet 
per minute, then the total effective pressure on the piston will be 100x33 = 3,300 lbs., and the 
movement being 200 feet per minute, the piston will move with a power equal to raising 660,000 fljs., 
one foot high each minute (as 3,300 x 200 is 660,000), and as each 33,000 lbs., raised one foot high, is one 
horse power and "^^^^ is 20, then the power of this Engine is 20 Horse Power. If this power is used 
to do work, a part of it will be expended in overcoming the friction of the parts of the engine and of 
the machinery through which the power is transmitted to perform the work. The calculation made 
refers to the total power developed by the movement of the piston under the pressure of steam. 

The number of feet moved by the piston each minute is known from the length of stroke of 
piston in feet, and number of revolutions of engine per minute, there being two strokes of the piston 
for each revolution of the engine. "When these three facts are known the power of an engine can be 
readily and accurately ascertained, and it is evident that, without the knowledge of each of the facts, 
viz, : square inches of piston, effective pressure on each square inch, and movement of piston per 
minute, the power cannot be known. 

But circumstances, especially those existing when the Condensing Engine was introduced by 
Watt, led to assumptions as to pressure per square inch and speed of piston, which, though true at the 
time, have long since ceased to be true, and consequently the rules based on such assumptions are 
entirely inapplicable, and when used must of necessity give false statements. As, however, such rules 
are still in use, although with the pfecautionary and unsatisfactory designation of nominal power, it is 
necessary to state what Kominal Horse Power is. In the United States the designation of IJ"ominal 
Horse Power for Condensing Engines is seldom used, but in England the usage still prevails. 

After Watt had introduced the Condensing Engine, he gave convenient rules for determining the 
power of his engines, and as, at that time, the steam pressure and piston speed in general use were 
very low, his rule was based on the assumption that, in all steam engines, the eflective pressure was 
7 Ebs, per square inch, and that the speed of the piston varied with the length of stroke from 160 feet 
per minute for 2 feet stroke to 256 feet per minute for 8 feet stroke. The only facts necessary to obtain 
were the diameter of cylinder and length of stroke. The nominal power was then determined by 
Watts' rule, which is as follows : 

Rule. — Multiply Ike square of the dmmeier of the cylinder in inches by the cube root of the stroke infect, 
and divide the product by 47. The quotient is the nominal horse power of the Engine. 

Eor many yeai-s, and especially in the United States, this rule has ceased to be of any value. 
This becomes plainly the case when, instead of 7 tt)s. per square inch, the pressure actually used 
greatly exceeds 7, being from 20 to 50 and over, while the speed of piston is often from 400 to 700 feet 
per minute. 
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Some modifications of this rale have been made, but it is plain that when the pressare of steam 
and speed of piston are so various as at present it is simply not possible to have a general rule. If it 
becomes necessary to state the power of an engine, then the three facts named above, viz. : number of 
square inches of piston, effective pressure per square inch per stroke of piston, and speed of piston must 
be known or assumed, and when known or assumed the Horse Power can in that ease be ascertained, 
as explained above. 

In the United States, it is still usual to assign a certain Horse Power, often called "Rated Horse 
Power," for High Pressure Bnginea of certain dimensions, thus a cylinder of 12 inehea diameter, 3 feet 
stroke is often called 20 horse power, and ao of other dimensions. 

The considerations already presented show that it is plainly impossible to say what horse power 
a 12 inch diameter, 3 feet stroke cylinder is, unless there is also stated what eftective pressure on the 
piston, and speed of piston are to be used. 

At what steam pressure that Engine will be used, and with what speed of piston run, remains to 
be decided, and until they are decided nothing can be said as to the power of the Engine. As it would 
not be safe to subject the Engine to higher steam than that for which it was built, nor to run it at 
higher speed than it is known its moving surface, in contact will bear, the maximum capacity of an 
Engine can be stated, within which the power of that Engine will be determined by the pressure and 
speed actually used. 



Izf teaattoa •! ti« f alios. 



The tables commencing at page 7 show " The sizes of (he Non~ Condensi)ig, Stationary Steam Engines, 
built at the Novelty Iron Works, New York; and the Revolutions, Steam Pressures and Points of Cut-off which 
will produce the several Horse Powers named; also the Amount of Water used per Sour and Cost of the Power 
per Year, for each case." 

Nort^ Condensing Engines, or, as they are often incorrectly called, High Pressure En.gines, are those 
in which the steam, after its action on the piston, is permitted to escape into the atmosphere, and in 
which, therefore, the pressure of the outgoing steam must exceed the atmospheric pressure of fifteen 
pounds to the square inch. 

There are two kinds of Horse Power referred to in the tables, viz. : The Indicated Horse Power 
and the Net Horse Power. The Indicated Horse Power ie obtained by multiplying together the mean 
efiective pressure in the cylinder, in pounds per square inch, the area of the piston in square inches, 
and the speed of piston, in feet per minute, and dividing the product by 33,000 ; and as the effective 
pressure on the piston is measured by an instrument called the Indicator, the power calculated 
therefrom is called the Indicated Horse Power. The Net Horse Power is the power available for useful 
work, and may be determined by subtracting, from the Indicated Horse Power, the power required to 
overcome the friction of the engine, when in the performance of its regular duty. Eor instance, if a 
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person desires an engine to drive ten machines, each requiring ten Ilorse Power, the engine should be 
of sufficient size to furnish one hundred Net Horse Power ; but to produce this would require about 
one hundred and fifteen Indicated Horse Power. 

"We manufacture two classes of engines, designated in the tables as "Long Stroke Engines" and 
^^ Short Stroke Mrtgines." These engines, as suggested by their names, have difterent proportions of 
stroke to diameter, and the shorter strokes are made with increased size of brasses and other 
modifications of detail which fit them for high speeds. 

Column A of the tables shows the "Net Ilorse Power," which has been calculated for the various 
powers usually required between 5 and 350 Horse Power. Each Horse Power can be obtained in a 
variety of ways, shown by the adjacent columns. The Net Horse Powers shown in the tables were 
obtained from the estimated Indicated Horse Powers, by deducting liberal allowances for friction. lu 
the calculations, it was assumed that the short stroke engines have more friction than the long stroke. 

Column B shows the "Steam Pressures" above the atmosphere assumed for each case. The 
calculations have been made for pressures of 60, 80 and 100 lbs., as being those in most general use, in 
non-condensing engines. 

Column c shows the '■'■Point of Cut-off" for each case. The table gives the results when the steam 
is cut ofi' at J, ^ and | of the stroke from the beginning, which means that the full pressure of the 
steam has been allowed to act on the piston during J, ^ or | of the stroke, and that the remainder of 
the stroke, in each case, has been completed by the expansion of the steam. 

Column D, in each class of engine, shows the "^S&e and Designation" of the engine. For 
instance, the expression 5 x 12 means that the piston is five inches in diameter and twelve inches stroke, 
and that the engine is designated or called a " 5 by 19 Engine," instead of a five Horse Power 
Engine, for reasons before stated. 

Column E shows, for each class of engine, the ''Revolutions per Minute" at which the several 
engines must be run, in order to produce the Net Horse Powers named, at the steam pressures and 
points of cut-off shown. 

Columns f and s show the number of pounds of " Water," evaporated into steam, required 
" per Indicated Ilorse Power per hour," for each case. The facts were obtained from experiments which 
are hereinafter explained and illustrated. This column shows the comparative economy of the different 
methods of producing the power, and from it may readily be calculated the amount of coal required 
per Indicated Horse Power per hour. 

Columns and G show tlie "Total Amount of Water per hour," in pounds, necessary to be 
evaporated to produce the Ket Horse Power named. The results are calculated from the quantities in 
line P, due allowance being made for the difference between the Indicated and Net Horse Power. 
This column shows the evaporative power of the boiler required for each case. 

Columns h and l show, for each class of engine, the " Cost per Year of ike Net Ilorse Power 
named." Column H shows the cost of the coal for one year, on the supposition that the engine runs 
ten hours per day, for 300 days in the year; that the coal, including cost of handling, etc., costs $8.00 
per ton of 2,000 ft)S., and that each pound of coal evaporates eight pounds of water. Variations may 
be made, by simple calculations, when the price of coal or the evaporation diftei's from the assumption. 
The quantities in column i were obtained by adding to the cost of the coal, in each case, the interest at 
ten per cent, on the estimated cost of the engine. This column shows, then, the total cost of the 
power per year for fuel and interest. 
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These tables and diagrams are baaed cliiefly on experimenta made for the Novelty Iron Works, under 
the direction of Mr. Charles E. Emery, formerly of the TJ. S. Naval Engineers, -with machinery constructed 
especially for the purpose. Confirmatory results were, however, derived from the previous pi'actice of that 
and other establishments, and from experiments made for the TJ. S. Navy, and imder Government 
Commissioners. It had been shown conclusively that the attempt to make a complete series of experiments, 
nnder the many changes of condition necessary to a complete investigation, with large engines involved an 
incredible amount of labor and expense, and would occupy a period of time almost proseriptive. It was 
found, however, that by exercising care in tire construction and operation of a smaU engine tlie results would 
show the laws applicable to engines of all sizes, and the apparatus could be at all times under the direction of 
the same persons, and thus secure great uniformity of observation. 

The steam cylmder of the engine constmcted for the experiments referred to herein was eight inches 
in diameter, and liad eight inches stroke of piston. The power was apphed to give motion to a large fan- 
blowei, the speed of the engine being regulated by a gate in the discharge orifice of the blower. Steam was 
supplied from a locomotive boiler with a high eteam drum, and tlie steam pipes and cylinders were carefully 
fitted. The bed plate of the cylinder formed a siirface condenser, to which was connected an efficient air- 
pump operated from the. engine ero^ead. The cylinder ports were of ample area, and the cut-ofE was 
psrfoi-med by plates having a 9-inch movement over the back of the main valve. The Power was measured 
with a Richards' Steam Engine Indicator, used in connection with a clock and engine register. 

The oost of the Power was ascertained by weighing the amount of water (condensed steam) delivered 
from the air pump. The valves and piston of the engine were by good workmansliip and extended operation 
made perfectly tight, under the maximum pressure used, and examinations were frequently made to prevent 
the possibility of steam or water leaks. During the experiments herein refen-ed to air was let into the 
condenser to desti-oy the vacuum. 

Daring each experiment the steam pressure and revolutions were kept exactly uniform. Each 
experiment was started with everythmg in average working condition — the engine register beuig thrown in 
gear, and the vessel, to receive the water from the hot well, pLished under the delivery of the latter 
simultaneously, at an even minute, as shown by the second-hand of the clock. Exactly at the end of every 
hour, to the second, the position of the engine register was noted, the water vessels shifted, and the one 
removed weighed on a platform scale. 

This method of worldng insured such remarkable correspondence iu the results that it was found 
possible to reduce the duration of many of the experiments to a single hour each. After each experiment 
some condition, — for instance, the point of cut-off, — was slightly changed, and another experiment started 
immediately after. This operation was continued, and the power and its cost calculated for each instance, 
when tlie results were dotted in proper position on a ruled sheet, and with the points as a guide, curves were 
drawn similar to those shown on page 23. In tliis way the modification of result due to changing the tliree 
first conditions mentioned on page 24; were obtained, viz., Ist, " The steam pressiuxj ; " 2d, "The amount of 
expansion;" and 3d, "The speed of revolution." The modification due to — 4tli — "The size of cylinders," 
was approximated by comparing the results with those obtained fi-om larger engines operated under similar 
conditions. The experimental results were checked again by calculating theoretical curves similar to q and 
H, page 23, for eacli steam pressure, in wliich all the conditions, including an allowance for the condensation 
due to the meelianical work done, wore taken into consideration. All the results are in hai-mouy, and furnish 
a reliable basis for the information herein contained. 

The tables are not designed to show the maximum result possible under the conditions named, but 
such as should be expected in ordinary good practice. 

The proper size of boiler of either of the different types mentioned required to evaporate a given 
quantity of water was determined in the different ways by different individnals— one collating the previous 
practice of the Novelty Iron Works and other establishments ; the otlier comparing numerous experiments on 
the subject. The results agreed in a most satisfactory manner. The tables on this subject were, liowevei-, 
calculated with considerable allowance for difference in condition, fuel, and management ; the necessity of 
which allowance will be appi'eciated by the practical engineer. 
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80 


1" 


7x20 


75 


32.4 


400 


600 


710 


7x12 


126 


29.1 


364 


546 


639 






80 


i " 


8x20 


68 


33.0 


408 


612 


746 


8x12 


97 


30.9 


388 


582 


682 






60 


i " 


7x20 


106 


34.4 


425 


637 


747 


7x12 


178 


.31.7 


396 


594 


677 






BU 


" 


8x20 


81 


36.6 


439 


659 


792 


8x12 


138 


32 7 


409 


613 


713 






60 


" 


9x24 


6b 


37.4 


460 


690 


860 


9x16 


85 


35.0 


433 


648 


768 






100 


i sinks 


5x12 


129 


33.4 


417 


$626 


$716 


5x 9 


174 


31.7 


401 


$602 


$670 






100 


+ " 


6x16 


68 


3S.8 


448 


672 


772 


6x 9 


121 


33.3 


430 


630 


705 






80 


i ■' 


6x12 


162 


34.4 


430 


646 


736 


6x 9 


320 


32 9 


416 


626 


693 






80 


* " 


6x16 


85 


37.3 


465 


698 


798 


ex 9 


163 


34.3 


434 


661 


726 






60 


* « 


6x16 


116 


39.4 


492 


739 


839 


6x 9 


207 


35 8 


453 


680 


756 






60 


i " 


7x20 


67 


42.2 


620 


780 


890 


7x13 


113 


39.1 


489 


733 


816 






100 


t.hh 


Sxl2 


113 


39.7 


496 


$744 


$829 


6x 9 


152 


38.2 


484 


$726 


$790 






100 


f " 


6x16 


69 


42.2 


528 


792 


887 


6x 9 


106 


39.6 


500 


760 


821 






ao 


f " 


5x12 


142 


40.9 


611 


767 


862 


5x 9 


190 


39 4 


500 


760 


814 






80 


i " 


6x16 


74 


43.7 


646 


819 


914 


6x 9 


132 


40.8 


516 


776 


846 






60 


t " 


6x16 


100 


45.9 


574 


860 


955 


6x 9 


179 


42.6 


539 


809 


880 




15 


100 


i.1* 


7x20 


87 


29.0 


637 


$806 


$916 


7x12 


145 


27.1 


508 


$762 


$845 




jlOO 


i " 


8x20 


66 


29.6 


548 


822 


955 


8x12 


112 


37.6 


518 


776 


876 




H P 


so 


i " 


7x20 


112 


30.2 


659 


839 


949 


7x12 


189 


28.1 


637 


790 


873 






m 


" 


8x20 


86 


31.0 


674 


861 


994 


8x12 


145 


29.0 


644 


816 


916 






80 


■ " 


9x24 


66 


32.4 


592 


888 


1048 


9x15 


90 


30.6 


567 


861 


971 






60 


i " 


7x30 


158 


32.1 


594 


891 


1000 


7x12 


266 


39.8 


559 


838 


921 






60 


t" 


8x2C 


122 


33.1 


613 


920 


1053 


8x12 


207 


30.6 


574 


861 


961 






60 


+ " 


9x24 


■(9 


34,9 


638 


968 


1118 


9x16 


127 


32.6 


603 


906 


1026 






60 


i" 


10x24 


64 


35.6 


652 


979 


1169 


10x16 


104 


33.3 


616 


924 


1104 






100 


*<»». 


6x16 


101 


33.7 


631 


$948 


$1048 


6x 9 


181 


31.2 


593 


$888 


$963 






100 


i - 


7x20 


58 


36.V 


660 


990 


1100 


7x12 


98 


33.6 


630 


945 


1028 






80 


*" 


6x16 


127 


34.9 


664 


981 


1081 


6x 9 


229 


32 3 


613 


920 


995 






■ 80 


i" 


7x2l) 


74 


37.1 


687 


1031 


1141 


7x12 


129 


34.4 


645 


968 


1051 






60 


i " 


7x20 


100 


.39 3 


728 


1092 


1202 


7x12 


169 


36 3 


681 


1021 


1104 




neit paga. 


60 


i " 


8x20 


77 


40.4 


747 


1121 


1254 


8x12 


129 


1 37.5 


703 


1055 


1155 
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STEAM 


LOKG STROKE ENGINES 


SHORT STKOKE ENGINES 






EKGIKE 1 


WATER 


COST PER YEAR 1 


. ■ 


WATER 


O.T.'.SJS.'.r 




A 


B 





u 


s 


F 


• 


H 


I 


II ^ 








NET 


:i 


Poiat 


Size and 
Designs- 


a 


Per 


Tol-vi. 


For Coal 


Total 


8 a lil 


Per 


Total 
'erHoor 


For Coal 


Total, 




HORSE 
POWER 


It! 


of 
Cutoff 




1 


per 
Hour 


Bom 


at $8.00 
per Ton 


(IntcroB 

Eoglae 
inclndrf 


1 




per 
Hour 


= 


at $8.00 
perTott 


Hnte™t 

Engine 
iroladed) 




ill 




Lt«, 


Us. 


Lbs. 




15 


100 
100 


|.,b 


5xia 

6x16 


170 
88 


37.3 
40.1 


699 
752 


$1049 
1128 


$1130 

1223 


5x 9 
6x 9 


228 
169 


35.9 
38.7 


682 
735 


$1022 
1102 


$1086 
1173 




H. P. 


80 
80 


f " 


6x16 
Yx20 


111 
65 


41.8 
43.4 


774 
803 


1161 
1205 


1256 
1309 


6x 9 
7x12 


199 
108 


38.7 
410 


736 
769 


1102 
1153 


1173 
1231 






60 
60 


I" 
J" 


Yx20 
8x30 


86 
66 


45.9 
47.2 


860 
873 


1275 
1310 


1379 
1438 


7x12 
8x12 


146 

112 


42.9 
44.0 


804 
825 


1206 
1238 


1284 
1834 




20 


100 
100 


i..i.: 
1" 


Tx20 
8x20 


11. 

88 


27.6 
28.3 


681 
699 


$1022 
1048 


$1132 
1181 


7x12 
8x13 


194 
149 


26.8 
26.7 


646 
668 


$968 
1001 


$1051 
1101 




II. p. 


80 
80 
80 


1" 


8x20 
9x24 
10x24 


114 
74 
60 


29.7 
31.1 
31.6 


733 
759 
771 


1100 
1138 
1156 


1233 
1298 
1336 


8x12 
9x15 
10x15 


193 
120 
98 


27.8 
29.2 
29.9 


696 
731 
748 


1043 
1081 
1122 


1143 
1201 
1257 






60 
60 
60 


i" 
1" 


9x24 
10x24 
11x30 


105 
85 
56 


33,1 
34.0 
35.8 


807 
829 
863 


1211 
1244 
1295 


1371 
1424 
1495 


9x16 
10x15 
11x18 


169 
138 
94 


31.1 
31.8 
33.4 


768 
785 
816 


1152 
1178 
1222 


1272 
1313 
1872 






100 
100 




Yx20 
8x20 


78 
60 


34.3 
36.3 


847 
896 


$1270 
1344 


$1380 

1477 


7x12 
8x12 


131 
101 


31.8 
32.8 


796 
820 


$1193 
1230 


$1276 
1830 






80 
80 




Tx20 
8x20 


98 
76 


35.6 
36.3 


880 
896 


1319 
1344 


1429 
1477 


7x12 
8x12 


166 
128 


33.1 
33.9 


828 
848 


1241 
1271 


1824 
1371 






60 
60 
60 


i" 


7x20 
8x20 
9x24 


134 
102 
67 


37.4 
38.6 
40.4 


923 
951 
985 


1385 
1426 
1481 


1496 
1659 
1641 


7x12 
8x12 
9x16 


226 
173 
108 


34.8 
36.7 
37.1 


870 
893 
916 


1306 
1339 
1874 


1388 
1439 
1494 






100 

100 


1 " 


6x16 
7x20 


118 
68 


38.4 
40.5 


960 
1000 


$1440 
1600 


$1535 
1604 


6x 9 

7x12 


212 
116 


35.8 
38.2 


906 
956 


$1359 
1438 


$1430 
1511 






80 
80 


i" 


7x20 
8x20 


86 
66 


41.9 

42.6 


1035 
1052 


1662 
1578 


1666 
1733 


7x12 
8x12 


146 
111 


39.6 
40.4 


990 
1010 


1486 
1515 


1663 
1611 






60 
60 


i;; 


7x20 
8x20 


116 

88 


44.0 
46.1 


1086 
1113 


1630 
1669 


1734 
1797 


7x12 
8x12 


195 
149 


41.1 
42.2 


1028 
1055 


1542 
1683 


1620 
1679 




25 


100 

llOO 




8x20 
9x24 


110 
72 


27.8 
28.6 


843 
869 


$1264 
1304 


$1397 
1464 


8x12 
9x16 


186 
116 


26.7 
27.0 


803 
833 


$1206 
1260 


$1306 
1380 




H. P. 


80 
80 


i" 
i" 


9x24 
10x24 


93 
75 


30.0 
30.6 


915 
933 


1373 
1399 


1633 
1679 


9x16 
10x16 


150 
122 


28.3 
38.9 


873 
891 


1310 
1336 


1430 
1471 






60 
60 
60 
60 


1 11 


9x24 
10x24 
11x30 
12x30 


131 

106 
69 

58 


32.0 
32.7 
34.6 
36.0 


976 
997 
1048 
1054 


1464 
1496 
1672 
1581 


1624 
1676 
1772 
1801 


9x15 
10x15 
11x18 
12x18 


SI 

117 
96 


30.1 
30.8 
32.2 
32.9 


929 
951 
982 
1027 


1894 
1427 
1473 
1641 


1514 
1662 
1623 
1706 






100 
100 


Jslitkt 


7x20 
8x20 


% 


33.2 
33.7 


1026 
1041 


$1637 
1660 


$1647 
1693 


7x12 
8x12 


164 
126 


30.6 
[31.6 


953 

988 


$1430 
1481 


$1518 
1681 




neitpigt 


80 


i" 


8x20 


94 


35.1 


1083 


1626 


1768 


8x12 


m 


32.8 


1036 


1638 


1638 
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Tables showing Power, &c., of Non-Ooadensing Stationary Steam Engines. 








STEAM 1 


LONG STEOKE ENGINES 


SHOKT STROKE ENGINES ' 




™i«E 1 


1 


COSr PEE YEAR 
or Tofl rowBK bam™ || 


BNGISE 


WATER 


eS™ 


j;Zn 




A 


B 1 C 1 


D K 


F 1 G 




1 


D 1 B 


t ! G 


n 


I 




NET 
i HORSE 
POWER 




Point 

of 
Cut-off 


Size and 
Uesigna- z. 

1 1 1 


Total i 

■■•■■ :p„H..,i 

1.1.11 (.,l<.l 
per 1 Horss 

Hour 1 P™" ; 

Lb^ 1 Lba. 


For Coal 
at $8.00 
pet Ton 


Total, 

|Iut»re8t 
Engine 


Size and 

Designa. 

tion 

a ^ 
1 s 


I 
P 


Total 
Per .p^ jj^ 
.H.t. n,»tt 

per Hotea 

Hoot P™" 

nAmed 


For Coal 
at $8 00 
per Ton 


Total, 

(Intecest 
oncoBtot 
Bngiae 
included) 




e a| , 


In In. 


LbA 


Its, 




25 

H. P. 


80 


ifcl. 


8 X 24 61 


36.6 


1116 


$1674 


$1834 


9x16 


99 


34.6 


1068 


$1602 


$1722 




60 
80 


i " 
i" 


9 X 24 83 
10 X M 67 


39.2 
39.8 


1195 
1313 


1793 
1820 


1953 
3000 


9x16 
10x15 


135 

109 


36.6 
37.4 


1130 
1164 


1694 
1731 


1814 

1866 




"" 


100 
100 


J" ' 


7x20 
8x20 


85 
65 


39.41 1316 
39.9! 12311 


11824 
1847 


$1928 
1975 


7x12 
8x13 


145 
111 


371 
37.9 


1159 
1184 


$1739 
1777 


$1817 
1873 






80 
80 
80 




7x20 
8x20 
9x24 


107 
82 
58 


40.6 i 
41.4' 
43.9 


1253 
1278 
1308 


1880 
1917 
1963 


1984 
2046 
3117 


7x12 
8x12 
9x15 


183 
138 

87 


38.6 
39.3 
40.9 


1303 
1328 
1363 


1805 
1842 
1893 


1883 
1938 
3009 






60 
60 


i" 


8x20 
9x24 


110 
72 


43.7 
46.4 


1349 
1384 


3023 
2076 


3161 
2231 


8x13 
9x15 


176 
116 


41.3 
43.2 


1291 
1333 


1936 
2000 


2033 
2116 




30 

H. P. 


100 
100 




9x24 
10x24 


86 
70 


27.9 
38.2 


1021 
1032 


11631 
1548 


$1691 
1728 


9x15 
10x15 


140 
113 


26.8 
26.8 


974 
993 


$1461 
1489 


$1681 
1624 




80 
80 


1" 


10x24 
11x30 


90 
69 


39.8 
31.1 


1090 
1159 


1635 
1739 


1815 
1939 


10 X 15 
11x181 


146 
99 


38.1 
29.3 


1041 
1066 


1561 
1697 


1696 
1747 






60 
60 
60 




11x30 
12x30 
13x36 


83 
70 
49 


33.7 
34.0 
35.3 


12171 
1239 
1261 


1825 
1843 
1891 


2026 
2063 
2144: 


11x18 

13x18 
13x21 


140 
115 
85 


31.3 
31.9 
33.0 


1146 
1167 
1193 


1718 
1761 
1789 


1768 
1916 
1979 






100 
100 
100 


i" 

i " 


7x20 
8x20 
9x24 


117 
89 
58 


32.2 1 1193 
32.8] 1215 
34.1; 1346 


$1789 
1823 
1869 


$1899 
1956 
2029 


7x12 
8x12 
9x16 


197 
151 
94 


29.4 
30.5 
32.5 


1103 
1144 
1304 


$1654 
1716 
1806 


$1737 
1816 
1926 






80 
80 
80 


i " 
i " 
i " 


8x20 
9x24 
10x24 


lis 

74 
60 


342 i 1266 
36.7! 1306 
36.2' 1334 


1900 
1959 
1986 


3033 
2119 
2166 


8x13 
9x16 
10x15 


192 
119 
97 


33.1 
33.8 
35.4 


1204 
1252 
1311 


1806 
1878 
1967 


1906 
1998 
2102 






60 
60 


i " 


9x24 
10x24 


100 
81 


37.91 1387 
38.8! 1420 


2080 
3139 


2240 
2309 


9x16 
10x15 


162 
131 


35.6 
36.4 


1319 
1348 


1978 
2022 


2098 
2167 






100 
100 




7x20 
8x20 


102 

78 


38.4! 1422 
39.3 i 1463 


$2133 
3178 


$2237 
3306 


7x13 
8x13 


173 
132 


36.9 
37.0 


1.346 
1388 


$2019 
3081 


■ $2097 
3177 






80 
80 




8x20 98 Ij 40.6 1 1504 
9 X 24 63 42.0 i 1537 


3366 
3305 


2384 
2460 


8x12 
9x15 


166 
104 


38.6 
40.0 


1444 
1481 


2166 
2323 


2262 
2338 






60 
60 


i" 
i" 


9 X 24 86 44.4 ! 1634 
10 X 24 70 1 45.0 i 1646 


2436 
3469 


3591 
3643 


9x16 
10x15 


139 
114 


42.0 
43.9 


1666 
1589 


2333 
3383 


2449 
2513 




40 


100 
100 


islroti 


10 X 34 93 
11 X 30 61 


27.2 
28.4 


1327 
1369 


$1990 
3053 


$2170 
3353 


10x15 
11x18 


151 
103 


25.7 
26.7 


1269 
1303 


$1904 
1964 


$2039 
3104 




H. P. 


80 
80 


i " 


11x30 79 
13 X 30 66 


39.9 
30.3 


1441 
1460 


2161 
2190 


2361 
3410 


11x18 
12x18 


133 

111 


38.1 
28.6 


1371 
1396 


2057 
2093 


2207 
3358 




1 DBltpSgC, 


60 
60 
60 
60 


i;; 


11x30 111 
13 X 30 93 
13 X 36 65 
14x36 56 


32.2 
33.6 
33.8 
34.3 


1552 
1571 
1610 
1619 


2328 
2357 
2414 
2428 


2528 
3677 
2667 
2704 


11x18 
12x18 
13x31 
14x31 


187 
153 
114 

98 


29.9 
30.6 
31.7 
33.2 


1469 
1493 
1538 
1652 


3189 
2340 
2293 
3338 


3339 
3405 
3482 
2535 
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i 


STEAM 


LONG STROKE ENGINES 


SHORT STROKE ENGINES 




B.I,. _|| 


WAT.R 1 


COST PER YEAR |] 


ENGINE 11 


WATER II 


COST FEB 


..™". 




A 


B 





° 


E 


F 


G 


H 


I 


" ! 


E 1 


F 


G 


H 


I 




NET 


5l 


Point 


She and 

D„lgn.- 

tion 


% 


Per 

in.r. 


T0T*1 
for Nel 


For Coal 


ToT.n, 


Site and 1 
tion 


I 

1 1 


Per 
H P 


Total 


For Coal 


Total, 




POWER 

1 


iji 

1: 


ut-off 


1 1 


' 


per 
Hour 


r~i 


at $8.00 
pev Ton 


inelndoa] 


a 


1 

1 


I' 


Hiur 


n^aa 


at $S00 
pel Ton 


EogLoo 
included) 




In. In 


Lbs 


Lbe. 


Lba 


Ua 




40 

H. p. 


60 


i*l. 


15x36 


49 


34.7 


1652 


$3478 


$2803 


16x24 


74 


33.1 


1596 


$2393 


$2637 




100 
100 
100 


i " 
i " 


8x20 
9x24 
10x24 


119 

78 
63 


31.5 
33.0 
33.4 


1656 
1610 
1622 


$3333 
2415 
2433 


$2466' 
2675 
2613 


8x12 
9x16 
10x16 


301 
126 
102 


29.3 
30.9 
81.6 


1460 
1536 
1560 


$2190 
2289 
3341 


$3290 
2409 
2476 






80 

80 


i" 
t " 


9x24 
10x24 


98 
79 


34.3 
34.9 


1673 
1702 


3510 
2654 


2670 ! 
2734 


9x16 
10x16 


169 
129 


33.3 
33.0 


1696 
1630 


2393 
2444 


2513 
2679 






00 
60 


i " 


11x30 
12x30 


70 
59 


39.0 
39.4 


1880 
1899 


2819 
3848 


3019 
3068 


11x18 
12x18 


119 

100 


36.2 
37.0 


1766 
1817 


2649 
2726 


3799 
3891 






100 
100 


f ■' 


8x20 
9x34 


104 

68 


37.6 
39.1 


1867 
1907 


$3786 
2861 


$2914 
3016 j 


8x12 
9x15 


176 
110 


36.6 
37.2 


1780 
1837 


$2670 
2756 


$2766 
3871 






80 
80 


t " 
J •' 


9x24 
10x24 


85 
69 


40.6 
41.1 


1980 
2006 


2971 
3007 


3136 
3180 


9x16 
10x15 


138 
112 


38.8 
39.4 


1916 
1970 


3874 
2956 


3990 
3086 






60 
80 


1 „ 
i" 


10x24 
11x30 


93 
61 


43.6 
46.4 


3122 
2188 


3183 
3282 


3366 
3476 


10x15 151 
11x18 102 


41.2 
42.8 


2034 
2088 


3061 
3133 


3181 
3277 
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4489 


4733 






80 


. . " 


16x42 


58 


29.4 


3113 


4670 


6016 


16x24 


103 


37.9 


3989 


4484 


4744 






80 


; " 


17x42 


62 


29.6 


8134 


4701 


5076 


17x30 


71 


28.9 


3097 


4646 


4921 






60 


. " 


16x42 


82 


31.9 


3378 


5067 


6413 


16x24 


145 


30.0 


3214 


4821 


6081 






60 


. " 


17x42 


73 


33.2 


3409 


6114 


6489 


17x30 


101 


31.1 


3334 


5001 


5277 






60 


" 


19x48 


50 


33.4 


3495 


5243 


5669 


19x30 


82 


31.7 


3354 


5031 


5351 






60 


" 


21x48 


44 


33.4 


3495 


6243 


5731 


21x30 


67 


32.3 


3420 


6130 


6496 






100 


iAt. 


11x30 


92 


31.3 


3394 


$5091 


$5291 


11x18 


156 


29.3 


3205 


$4809 


$4969 






100 


i " 


12x30 


78 


31.6 


3427 


5140 


5360 


12x18 


131 


29.7 


3260 


4890 


5066 






100 


i" 


13x36 


64 


32.6 


3493 


5239 


5492 


13x21 


94 


30.9 


3351 


5036 


5216 






80 


i " 


12x30 


98 


33.2 


3600 


5400 


5630 


12x18 


166 


31.3 


3435 


5158 


5318 






80 


i " 


13x36 


69 


34.1 


3664 


5480 


6733 


13x21 


119 


32.4 


3513 


6270 


6460 






80 


4 " 


14 X 36 


69 


34.4 


3686 


6529 


5805 


14x21 


103 


32.7 


3546 


5819 


5526 






80 


4" 


15x36 


52 


84.7 


3718 


6577 


6902 


16x24 


78 


33.7 


3654 


5481 


5735 






60 




14x36 


80 


36.9 


3954 


5930 


6206 


14x31 


189 


34.7 


3763 


5644 


6851 






60 


4 " 


16 X 36 


70 


37.3 


3996 


5995 


6320 


16x24 


106 


35.6 


3860 


6790 


6034 






60 


4 " 


16x42 


52 


38.4 


4066 


6109 


6454 


16x24 


93 


36.1 


3868 


5802 


6062 






60 


4" 


17x42 


46 


38.7 


4098 


6146 


6621 


17 X 30 


64 


37.5 


4018 


6027 


6303 






100 


iahl. 


11x30 


81 


37.3 


4045 


t6067 


$6260 


11x18 


136 


36.6 


3896 


$5845 


$5990 






100 




12x30 


68 


87 8 


4099 


6148 


6360 


13x18 


114 


36.9 


8940 


5910 


6069 






100 


i" 


13x36 


48 


38.7 


4146 


6219 


6464 


13x21 


83 


37.0 


4012 


6018 


6302 






80 


i " 


12x30 


85 


39.6 


4283 


6426 


6637 


12x18 


144 


37.7 


4162 


6243 


6402 






80 


J .. 


13x36 


60 


40.8 


4318 


6477 


6723 


13x21 


104 


38.6 


4186 


6278 


6462 






80 


i" 


14x36 


63 


40.6 


4350 


6625 


6792 


14x21 


89 


39 


4230 


6345 


6545 






60 


i ;; 


13x36 


81 


42.9 


4596 


6895 


7140 


13x21 


140 


40.4 


4381 


6572 


6756 






60 




14x36 


69 


43.1 


4618 


6927 


7194 


14x21 


120 


41.0 


4446 


6669 


6869 






60 


# " 


15x36 


60 


43.7 


4683 


7023 


7339 


15x24 


92 


42.0 


4564 


6831 


7068 






60 


i •' 


16 


x42 


45 


44.7 


4733 


7099 


7434 


16x34 


80 


42.5 


4554 


6831 


7032 
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1 


LONG STROKE ENGINES 


1 


SHORT STROKE ENGINES H 




















.«01«. j 


WATB. 1 


Or^Tra M^i^MAUBD j 


a<am \ 


.iI.B j 


o,°;."s."".. 11 


A 


B 


c 


D 1 


a 


F 


G 


H 


I 


D 


B 


F 





H 


1 








She and 1 






Total 






Size aud 






Total 






NET 


m 


Point 


Designa- 


51 


I H. P. 




For CoAl 


Total, 


Designa- 


i 


1 H.P. 


Per Hour 


For Coal 


T.TAL, 

(InWtest 


































POWEE 


III 


Cut-off 


1 


n 


r 


Hour 


.'IS 


per Ton 


Engine [ 


1 


1 


^ 


Hour 


nam^ 


per Ton 


Engme 






In. 


In 




Lte 


LbA 






In 


In 




LbA 


Lbs. 






100 1 


mo 


i.-. 


14x36 


77 


26.6 


3014 


14521 


$4797 


14x21 


134 


35.3 


3036 


$4554 


$4761 


100 


16x36 


67 


36.8 


3190 


4786 


6111 


15 X 24 


102 


25.8 


3109 


4663 


4907 


ion 


i" 


16x43 


60 


27.4 


3224 


4836 


5180 


16x34 


88 


36.1 


3107 


4680 


4930 




100 


17x42 


45 


37.6 


3235 


4853 


6338 


17x30 


61 


26.9 


3303 


4804 


6080 




so 


\" 


15x36 


S7 


28.3 


3370 


5065 


5380 


15x24 


132 


37.2 


8277 


4916 


6160 




«o 


16x42 


66 


29.0 


8424 


6135 


5480 


16x24 


116 


27.6 


3274 


4911 


5171 




so 


i " 


17x42 


67 


39.3 


3488 


5232 


6607 


17x30 


79 


28.5 


3393 


6089 


6365 




80 


19x48 


40 


30.1 


3500 


6260 


6076 


19x80 


64 


28.9 


3400 


5100 


6420 




BO 


i " 


17x42 


81 


31.8 


3741 


6612 


5987 


17x30 


112 


30.7 


3665 


5483 


5768 




00 


1 " 


19x48 


66 


33.9: 3836 


6738 


6164 


19x30 


91 


31.2 


3671 


5506 


5826 




60 


i " 


21x48 


49 


32.9 3826 


6738 


6226 


21x30 


74 


31.9 


3762 


6628 


6994 




60 


i" 


23x64 


34 


33.9! 3897 


6846 


6396 


33x36 


51 


32.8 


3814 


6731 


6133 




100 


ifti. 


12x36 


86 


31.3: 3783 


»5659 


t5879 


12x18 


146 


29.2 


3561 


$6342 


$5507 




100 


i " 


13x36 


60 


33,1 


3833 


6782 


5985 


13x21 


106 


30.2 


3689 


5468 


6648 




100 


t " 


14x36 


52 


32.2 


3833 


6750 


6026 


14x21 


90 


30.7 


3700 


5550 


5757 




so 


i " 


13x36 


76 


33.7 


4012 


6017 


6370 


13x21 


133 


33.0 


3856 


6783 


6978 




so 


i " 


14x36 


66 


34.1 


4060 


6080 


6366 


14x21 


114 


32.3 


3892 


6838 


6046 




so 


i " 


16x36 


66 


34.4 


4095 


6143 


6468 


15x24 


87 


33.1 


3988 


5982 


6226 




80 


+ " 


16x43 


48 


34.6 


4071 


6107 


6462 


16x34 


75 


33.4 


3979 


■ 6988 


8338 




60 


* " 


16x36 


78 


37.0 


4405 


6607 


6932 


16x34 


118 


36.1 


4329 


6343 


6687 




60 


i " 


16x43 


68 


37.8 


4447 


6671 


7016 


16x24 


103 


36.6 


4238 


6357 


6617 




60 


i" 


17x42 


51 


38.2 


4494 


6741 


7116 


17x30 


71 


37.1 


4417 


8835 


6901 




100 


lilMke 


11x30 


90 


37.0 


4458 


16687 


$6880 


11x18 


151 


36.0 


4268 


$6402 


$6647 




100 




12x30 


76 


37.3 


4494 


6741 


8953 


13 X 18 


137 


36.6 


4339 


8494 


6663 




100 


■ " 


13 X 36 


63 


38.3 


4560 


6839 


7084 


13x31 


92 


38.5 


4398 


B696 


6780 




so 


" 


13x30 


96 


39.0; 4699 


7048 


7280 


12x18 


160 


37.3 


4649 


6824 


6983 




so 


. « 


13 X 36 


67 


39.9 1 4760 


7135 


7370 


13x21 


116 


38.3 


4614 


6922 


7106 




Ml 


" 


14x36 


69 


40.1 


4774 


7161 


7428 


14x21 


97 


38.7 


4683 


6994 


7194 




80 


" 


16x36 


60 


40.6 


4883 


7325 


7641 


16x34 


76 


39.4 


4747 


7120 


7367 




60 


R " 


14x36 


77 


42.7 


6083 


7625 


7893 


14x21 


134 


40.4 


4866 


7297 


7497 




6(: 




15x36 


67 


43.i 


5142 


7714 


8030 


16x24 


102 


41.3 


4976 


7464 


7701 




6( 




16x42 


6li 


44.1 


5188 


7782 


8117 


16x34 


88 


43.0 


5000 


7500 


7761 




60 


; " 


17x42 


44 


44.4 


6224 


7836 


8301 


17x30 


61 


43.4 


5143 


7716 


7981 


195 


100 


tm*. 


16x36 


84 


26.1 


3908 


t5862 


$6187 


16x34 


128 


26.1 


3780 


$6670 


$6914 


lOf 


+ " 


16x42 


61- 


m.'. 


3926 


589C 


6235 


16x24 


111 


26.4 


8778 


5668 


5928 


H. p. 


100 


i" 


17x42 


66 


26.8 


3941 


6912 


6387 


17x30 


77 


26.2 


3900 


5850 


6136 


SO 




17x42 


79 


28.4 


4176 


6165 


6540 


17x30 


99 


27.7 


4121 


6182 


6468 




S( 


. " 


19x46 


6f 


m.' 


4373 


641C 


6836 


19x3C 


W 


38.1 


4132 


619f 


8618 




80 


■ ■ " 


21x48 


43 


.29.4 


4273 


6410 


6898 


21x30 


66 


28.6 


4266 


6309 


6676 




60 


t " 


19x48 


60 


31,9 


4637 


6965 


7381 


19x30 


113 


30,4 


4471 


6706 


7026 


nest page. 


60 


1 " 


21x48 


61 


32.1 


4686 


^6999 


7487 


21x30 


93 


30.9 


4645 


8818 


7184 
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LOHG STROKE ENGINES 


SHORT STROKE ENGINE 


S 






STEAM 


1 














WATER 


o.°S55,.'S."„ 1 


en™. 


WAPE. 1 


.."S", 


a YEAli 




A 


B 





D K 


V 





H 


I 


D II E 


F 


Q 1 


H 


r 






i" 




Size ani 




Total 






Size and 




Total 








NET 


ill 


Point 


Designii- 


1 1 


Per 
L E, P. 


Per HoBt 


For Coal 


Total, 


Deaigna- | 


Per 
I H. P. 


Pet Honr 


For Coal 


Total, 

(Inleteet 




HORSE 










1 1 


per 




at $8 00 






per 




at $8,00 




POWEE 


ill 


ZatroS 


1 


1 


1 


Hour 


Power 


per Ton 


Engine 
tnoludeai 


1 1 


1 


Hour 


nemed 


per Ton 


included) 




IM. 


IM. 


LbB. 


Lla. 






125 


60 


ifck. 


23x64 


42 


33.2 


4770 


$7166 


$7706 


23x36 


64 


31,9 


4637 


$6966 


$7367 




60 


X " 


24x54 


39 


33.2 


4770 


7166 


7770 


24x36 


59 


32.0 


4651 


6977 


7438 




H. P. 


100 


itok. 


13x86 


76 


31.3 


4668 


$6987 


$7240 


13x21 


131 


29.2 


4398 


$6596 


$6786 






100 




14x36 


65 


31.4 


4673 


7009 


7286 


14x21 


118 


29.7 


4472 


6708 


6915 






100 


" 


16x36 


57 


31.7 


4717 


7076 


7401 


15x24 


86 


30.6 


4693 


6889 


7133 






100 


" 


16x42 


43 


82.3 


4730 


7109 


7454 


16x24 


77 


30.7 


4569 


6853 


7113 






80 


" 


14x36 


82 


33.1 


4925 


7388 


7664 


14x21 


126 


31.8 


4789 


7183 


7390 






80 


" 


15x36 


71 


33.6 


6000 


7600 


7836 


15x34 


109 


32.3 


4864 


7296 


7640 






80 


" 


16x42 


63 


34.3 


5044 


7666 


7911 


16x34 


95 


33.6 


4851 


7277 


7637 






80 


" 


17x42 


47 


34.4 


5050 


7688 


7963 


17x30 


65 


33.6 


6000 


7500 


7776 






60 


J " 


16x42 


73 


36.9 


5436 


8140 


8485 


16x24 


138 


34.6 


6169 


7753 


8013 






60 


i " 


l'7x42 


64 


37.1 


6456 


8184 


8669 


17x30 


89 


36.0 


5367 


8036 


8312 






60 


i " 


19x48 


45 


38.3 


5567 


8360 


8776 


19x30 


72 


86.5 


6868 


8062 


8372 






100 


; st»k« 


12x30 


94 


36.5 


6497 


t8346 


$8467 


12x18 


159 


34.6 


5274 


$7911 


$8070 






100 


. . " 


13x36 


66 


37.3 


6361 


8336 


8671 


13x21 


115 


35.6 


6346 


8020 


8304 






100 




14x36 


67 


37.6 


5696 


8393 


8660 


14x21 


99 


36.8 


6392 


8088 


8388 






100 


: " 


15x36 


50 


37.8 


5625 


8438 


8754 


15x24 


76 


36.7 


6626 


8288 


8626 






80 


" 


13x36 


84 


39.1 


5819 


8739 


8974 


13x21 


144 


37.5 


5648 


8472 


8656 






80 


<' 


14x36 


73 


39.4 


5863 


8796 


9040 


14x21 


134 


37.7 


6677 


8616 


8715 






80 


" 


16x36 


62 


39.8 


5923 


8884 


9200 


16x24 


95 


38.6 


5813 


8720 


8957 






SO 


" 


16x42 


47 


40.4 


6941 


8912 


9347 


16x24 


82 


38.9 


6790 


8686 


8936 






80 


: " 


1TX42 


41 


40.6 


5971 


8957 


9332 


17x30 


67 


39.8 


5923 


8884 


9160 






60 


i " 


16x36 


84 


42.1 


6265 


9397 


9713 


16x24 


127 


40.4 


6080 


9120 


9367 






• 60 


i " 


16x42 


63 


43.1 


6338 


9607 


9842 


16x24 


111 


40.8 


6072 


9108 


9369 






60 


f " 


17x42 


65 


43.4 


6382 


9674 


9939 


17x30 


77 


42.2 


6280 


9420 


9686 




150 


100 


.iDb 


16x42 


76 


26.2 


4624 


$6936 


$7280 


16x24 


138 


24.9 


4446 


$6670 


$6930 




100 




17x42 


67 


26.3 


4641 


6963 


7337 


17x30 


93 


26.7 


4690 


6886 


7161 




H. P. 


100 


" 


19x48 


46 


26.9 


4692 


7038 


7464 


19x30 


75 


25.9 


4571 


6856 


7176 




100 


■: " 


21x48 


40 


27.1 


4704 


7065 


7643 


21x30 


61 


36.4 


4659 


6988 


7364 






80 


: " 


19x48 


60 


28.7 


5006 


7509 


7936 


19x30 


96 


27.6 


4871 


7306 


7626 






80 


1 " 


21x48 


52 


28.9 


6041 


7561 


8049 


31x30 


79 


28.0 


4941 


7413 


7779 






80 


i " 


23x64 


36 


29.6 


6103 


7656 


8305 


33x36 


64 


28.7 


5006 


7609 


7921 






60 


i " 


21x48 


73 


31.4 


5477 


8216 


8704 


21x30 


112 


30.3 


5330 


7996 


8361 






60 


i " 


23x64 


50 


32.6 


6621 


8431 


8981 


23x86 


76 


31.3 


6469 


8188 


8600 






60 


i" 


24x54 


46 


33.7 


5638 


8457 


9073 


24x36 


70 


31.4 


6477 


8216 


8676 






60 


i" 


26x54 


40 


32.7 


6638 


8467 


9112 


26x42 


61 


32.0 


5581 


8373 


8863 






60 


i " 


27x60 


33 


33.1 


6643 


8463 


9178 


37x43 


40 


32.2 


5563 


8328 


8864 






60 


i" 


28x60 


80 


33.3 


5619 


8429 


9206 


28x48 


39 


33.6 


6621 


8432 


9014 






100 


istrob 


14x36 


78 


30.7 


6482 


$8223 


$8499 


14x21 


135 


28.9 


6223 


$7834 


$8041 




ncit page. 


100 


i " 


15x36 


68 


31.0 


6636 


8304 


8629 


16x34 


103 


29.8 


6409 


8119 


8363 
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LONG STROKE ENGINES ' 


SHORT STROKE ENGINES j I- 






STEAM 


1 












ESGiNE 1 


WATER 1 ^^^ ^"^ '^'^^^ ! 


.so™ 


WATER 1 


•JS". 


."Z. 




A 


1> 





O 1 


E 


f 





K 


■ 


n .; B 


V 


a 


H 


I 






, „ 




Size and 1' 






Total 






Size and 




Total 








NET 


5| 


Point 


Designa- 


1 


Per 
1.1 P. 


Ferlioiir 


For Coal 


ToTAt, 
(luteraet 


Designa-, % 
tion l| 1 2 


Per 


(er Mot 


For Coal 


Total, 
(Inlecest 




HOKSE '%£] 


of 








per 




at 18.00 






^ t SS ]] 


per 




at $8.00 






nil 

POWER ||f 


Cat-off 


1 


1 
3 


r 


Hour 


MmM 


p« Ton 


Engine 
inclnUed] 


1 


1 


r 


Honr 


'Za 


per Ton 


Engine 
indudeC) 




In. 




"TbT" 


I.b3. 


liT 


li~ 


jj^f 


LhA 




150 i™ 


islnki 


16x42 


51 


31.7 


6694 


S8391 


$8736 


16x24 


92 


30.0 


5357 


$8036 


$8296 




i « 


17x42 


46 


32.0 


5647 


8471 


8846 


17x30 


68 


30.7 


6480 


8220 


8496 




H. P. 


80 


i " 


15x36 


85 


33.8 


6867 


8786 


9111 


16x24 


131 


31.4 


6676 


8512 


8766 






80 


1" 


16x43 


64 


33.6 


5929 


8894 


9239 


16x24 


114 


33.0 


6714 


8671 


8831 






80 


i " 


17x43 


67 


33.8 


5964 


8947 


9823 


17x30 


78 


33.0 


6893 


8839 


9115 






80 


1" 


19x48 


40 


34.6 


6036 


9053 


9479 


19x30 


63 


33.3 


5877 


8816 


9136 






60 


i " 


17x42 


77 


36.1 


6371 


9556 


9931 


17x30 


107 


35.0 


6260 


9370 


9646 






60 


i " 


19x43 


53 


376 


6541 


9811 


10237 


19x30 


76 


36.3 


6406 


9609 


9929 






60 


i" 


21x48 


46 


37.8 


6694 


9891 


10379 


21x30 


71 


36.3 


6406 


9609 


9976 






100 


■ iWe 


13x36 


79 


36.7 


6564 


$9830 


10075 


13x21 


138 


34.9 


6307 


$9461 


$9645 






100 




14x36 


68 


36.9 


6589 


9884 


10161 


14x21 


118 


35.3 


6379 


9568 


9768 






100 


" 


16x36 


60 


37.1 


6626 


9938 


10254 


15x34 


91 


86.9 


6488 


9732 


9969 






100 


" 


16x43 


64 


37.1 


6547 


9821 


10156 


16x24 


78 


36.3 


6483 


9723 


9974 






80 


a 


14x36 


88 


38.7 


6911 


10367 


10634 


14x31 


149 


37 


6687 


10030 


10230 






80 


" 


16x36 


75 


39.0 


6964 


10446 


10762 


15x34 


114 


37.9 


6849 


10273 


10610 






80 


" 


16x42 


56 


39.8 


7107 


10661 


10996 


16x24 


98 


38.3 


6840 


10260 


10611 






80 


1 " 


17x42 


49 


40.0 


7143 


10714 


11079 


17x30 


68 


39.3 


7000 


10500 


10766 






60 


H 


16x43'; 75 


42.3 


7636 


11304 


11639 


16x24 


133 


40.0 


7143 


10814 


11066 






60 


f" 


17x42i! 66 


43.6 


7607 


11411 


11776 


17x30 


93 


41.4 


7393 


11089 


11355 






60 


i " 


19x48!! 46 


43.7 


7713 


11568 


11982 


19x30 


75 


41.9 


7394 


11091 


11401 






60 


" 


31x48!i 40 


44.0 


7766 


11647 


12122 


21x30 


61 


43.8 


7563 


11330 


11686 




175 


100 


ift*. 


17x43 78 


36.9 


6333 


17999 


$8374 


17x30i' 107 


25.2 


5350 


$7875 


$8151 




100 


i " 


19x48 64 


36.5 


6392 


8089 


8515 


19x30! 87 


36.6 


5270 


7906 


8226 




H. P. 


100 


1 " 


31x48 47 


36.6 


6413 


8119 


8607 


21x301 71 


26.0 


6353 


8029 


8395 






80 


i " 


19x48 j 70 


28.2 


6738 


8608 


9034 


19x30'' 113 


27.1 


5577 


8365 


8686 






80 


i" 


21x48 60 


28.4 


5779 


8669 


9167 


21x30:' 93 


37.8 


6723 


8584 


8960 






80 


i " 


33 X 54 43 


29.2 


5874 


8810 


9360 


23x36! 63 


28.2 


6730 


8695 


9007 






80 


i" 


34x64 38 


39.4 


5914 


8871 


9486 


34x36; .68 


38.4 


5780 


8670 


9131 






60 


i " 


23x64 68 


33.1 


6457 


9686 


10236 


23x36, 89 


30.7 


6256 


9384 


9796 






60 


i II 


34x54! 64 


33.1 


6467 


9686 


10301 


24x36,! 83 


30.9 


6291 


9436 


9697 






60 




36x64 


46 


33.3 


6477 


9716 


10371 


36x42;' 60 


31.4 


6387 


9581 


10072 






60 


i " 


37x60 


38 


33.7 


6503 


9764 


10469 


27x42', 66 


31.7 


6376 


9666 


10101 






60 


i " 


38x60 


! 35 


33.8 


6633 


9784 


10560 


28x48!, 46 


33.2 


6477 


9716 


10298 






60 


i " 


30x60 


31 


33.0 


6663 


9844 


10684 


30x48! 40 


33.4 


6517 


9776 


10406 






100 


islfob 


15x36 




30.4 


6333 


$9500 


$9836 


16x34!i 121 


29.1 


6135 


$9203 


$9447 






100 


i " 


16x43 


69 


31.2 


6424 


9636 


9980 


16x24); 108 


29.4 


6126 


9187 


9447 






100 


i " 


17x42 


63 


31.4 


6465 


9697 


10073 


17x30 


80 


30.0 


6260 


9375 


9661 






80 


i" 


16x42 


75 


32.9 


6774 


10160 


10505 


16x24 


132 


31.3 


6512 


9768 


10028 






80 


i " 


17x42 


66 


33.3 


6836 


10263 


10628 


17x30 


92 


32.4 


6760 


10126 


10401 






80 


i " 


19x48 


46 


34.1 


6939 


10408 


10834 


19 X 30 


74 


32.8 


6753 


10129 


10449 




— ■' 


80! i" 


21 X 48 


.40 


34.3 


6969 


10439 


10937 


31 X 30 


61 


33.2 


6835 


10262 


10618 
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STEAM 


LONG STROKE ENGINES 


SHORT STROKE 


ENGINES 




ENGINE 


W.,E. 


.= S=. 


ENGINE 


t7A™» 


COST PER YEAK 




A 




c 


D 


E 


F G 


« 


I 


o : E 


P 









NET 


4^ 


Point 


Size and 
Dosigna- 


I 


Per 


Total 


For Coal 


Total, 


Site and 


I 


PeT 


Total 
Per Hour 


Pop Coal 


Total, 




HOESE 
POWER 


ii 

Hi 


of 
Cut-off 


3 ^ 




pel- 
Hour 


Hon,8 


at $8.00 
p.,- Ton 


llnlerest 
indaded) 


11 


jl 
1 


pet 
Hour 


Power 
named 


at f 8-00 
per Ton 


(Interest 
Eogine 




In. In. 


Lba- 


LDs- 


Lto. 


Lbs. 




175 

H. p. 


60 
80 
60 
60 


stroke 


19x48 
21x48' 
23x54 
24x54 


62 
64 
37 
34 


36.9 

S7.0 
38.2 
38.3 


7609 
7629 
7684 
7704 


$11263 
11294 
11526 
11566 


$11689 
11782 
12076 
12171 


19x30 
21x30 
23x36 
24x36 


142 
83 
56 
62 


33.7 
35.6 
36.8 
36.9 


6938 
7330 
7489 
7509 


$10407 
10995 
11233 
11263 


$10727 

11361 
11646 
11724 






100 
100 
100 
100 


■sttokt 


14x36 
16 X 36 
16x42' 
17x42 


80 
70 
63 
46 


36.2 
36.5 
36-7 
87.4 


7642 
76t)4 
7666 
7783 


$11312 
11406 
11334 
11674 


$11579 
11732 
11669 
12039 


14x21 
15x24 
16x24 
17x30 


138 
105 
92 
64 


34.6 
36.3 
35.7 
36.7 


7271 
7443 
7437 
7646 


$10906 
11163 
11168 
11469 


$11106 
11400 
11409 
11735 






SO 
80 
80 
80 


;; 


16 X 36 
16x42 
17x42 
19x48 


87 
66 
68 
40 


38-6 
39-2 
39-4 
40-3 


8021 
8071 
8112 
8201 


12031 
12106 
12168 
12301 


12347 
12441 
13533 
12716 


16x24 
16x24 
17x30 
19x30 


133 
116 
80 
65 


37.3 
37-6 
38-6 
39-0 


7864 
7833 
8043 
8030 


11796 
11750 
12063 
12046 


12033 
12001 
12329 
12365 






60 
60 
60 


;: 


17x42 
19x48 
21x48 


78 
64 
47 


41-8 
43-0 
43-1 


8606 
8750 
8770 


13909 
13125 
13i5ti 


13274 
13539 
13631 


17x30 
19x30 
21 X 30^ 


107 
87 
71 


40-6 
41-2 
41-9 


8460 
8483 
8627 


12690 
12724 
12940 


12956 
13034 
13296 




200 

H. P. 


100 
100 
100 


st™t< 


19x48 
21x48 
23x64 


61 
53 
37 


26-2 
26-3 
27-0 


6070 
6116 
6207 


$9104 
9174 
9310 


$8630; 
9662 
9860 


19x30 
21x30 
23x36 


100 
81 
66 


25-2 
26-6 
26-2 


5930 
6024 
6093 


$8895 
9036 
9139 


$9218 
9402 
9551 




80 
80 
80 
80 
80 


■ I 


21x48 
23x54 
24x64 
26x54 
27x60 


69 
48 
44 
37 
31 


28-0 
28.8 
29-0 
29.0 
29-3 


6612 
6631 
6667 
6667 
6667 


9767 
9931 
10000 
10000 
10000 


10256 
10481 
10616 
10665 
10716 


21x30 
23x36 
34x36 
26x43 
37x42 


106 
73 
66 
48 
45 


27.0 
27-8 
28.0 
28-4 
38-7 


6363 
6465 
6512 
6605 
6598 


9529 
9697 
9768 
9907 
9897 


9895 
10109 
10229 
10398 
10433 






60 
60 
60 
60 


'. " 


26x64 
27x60 
28x60 
30x60 


63 
43 
40 
35 


31-7 
32-3 
32-4 
32.6 


7287 
7341 
7364 
7409 


10931 
11011 
11045 
11114 


11686 
11726 
11821 
11954 


36x42 
27x42 
28x48 
30x48 


69 
63 
51 
46 


30.9 
31-3 
31.3 
32.0 


7186 
7196 
7195 
7366 


10779 
10793 
10793 
11034 


11270 
11329 
11375 
11664 






100 
100 
100 
100 


istitb 

i " 


15x36 
16x42 
17x42 
19x48 


90 
68 
60 
41 


29.9 
30.S 
30.0 
31.6 


7119 
7176 
7371 
7349 


$10678 
10766 
10906 
11033 


$10994 
11110 
11381 
11449 


16x24 
16x24 
17x30 
19x30 


138 
133 
91 
67 


28.6 
28-8 
29-7 
30-4 


6892 
6857 
7073 
7153 


$10338 
10286 
10608 
10729 


$10582 
10545 
10884 
11049 






80 
80 
80 


i •' 
i" 


17x42 
19x48 
21x48 


76 
52 
46 


32.7 
33.7 
33.7 


7694 
7837 
7837 


11641 
11766 
11766 


11916 
12183 
12244 


117x30 
19x30 
21 X 30 


105 
86 
69 


31-7 
32-3 
32-8 


7547 
7600 
7718 


11320 
11400 
11677 


11696 
11720 
12043 




next page. 


60 
60 
60 
60 
60 


i " 
i" 
i " 
i" 


19x48 
31x48 
23x54 
24x64 
26x54 


71 
62 
43 
39 
34 


36.2 
36-3 
37.5 
37.7 
37.7 


8419 
8442 
8631 
8667 
8667 


12639 
12663 
13931 
13000 
13000 


13043 
13151 
13481 
13616 
13655 


19x80 
21x30 
23x36 
24x36 
36x42 


116 
94 
66 
59 
46 


34.4 
36-0 
36-1 
36-3 
36-9 


8094 
8235 
8395 
8442 
8681 


12141 
12352 
.12592 
12663 
13872 


12461 
12718 
13004 
13124 
13363 
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LONG STROKE ENGINES 1 


SHORT STROKE ENGINES 1 






















WATE. 


o™ ,?,"". 1 


raomn 


^ WAT.H [| 


COST PER YEAR 




A 


B 1 C 


1 D ; B 


F 


G 


„ ! , 1 


" !• ^ 


• 


G 


H 


I 






fill "" 
i-lj; of 


1 Size and 1 




Total 






Size and !, j 




Total 








SET 
HORSE 
POWER 


Designa-. g, 


I.H.P. 
per 
Hour 


ParHoui. 
nBiiiaa 


For Coal 
at $8.00 
per Ton 


Total 


Desigoa- , 
tion 1 


% 




nanfd 


For Coal 
at $8 00 
pe Ton 


Total, 
(iDteiiBt 
Engine 






s 




per 




41 


1 


!i:..;, 
= 


§ 










1 In- 


In. 1 


Lbs 


Lba, 


' 


In 




L ^ 


Lfe, 








'),00 


100 ' ^.(^ 


,15x36 80 


35 9 


8648 


$13821 


$13137 


1dx24 


121 


14 9 


8410 


$13615 


$12bj2 




100 


1. 


16 X 42 59 


36 8 


8659 


12988 


13333 


16x24 


106 


36.2 


8381 


12572 


12833 




H. P. 


100 


f ' 


17 X 42 52 


37.0 


8706 


13069 


13434 


17x30 


73 


36.1 


8595 


13892 


13158 






t ' 


16x42' M 


38.8 


9129 


13694 


14029 


16x34 


131 


37.2 


8857 


13286 


13536 




: 


so 




17x42 66 


39 


9176 


13765 


14130 


17x30 


91 


38.3 


9096 


13642 


13908 






«0 


^ ' 


19x48! 46 


39.8 


9256 


13884 


14298 


19 X 30 


74 


38.6 


9083 


13694 


13934 






fio 


S I 


19x48 61 


49 6 


9884 


14826 


15240 


19x30 


99 


40.6 


9553 


14899 


14639 






fiO 


8 ( 


21x481 53 


43 7 


9930 


14896 


15370 


21x30 


81 


41.3 


9718 


14577 


14933 






60 


i ' 


23x54 37 


43.7 


10046 


15069 


16604 


23x36 


56 


43.4 


9861 


14791 






225 


100 




b 19x48 69 


26 R 


6760 


$10135 


$10661 


19x30 


113 


34.9 


6588 


$9883 


$10302 




100 




21x48 53 


26 3 


6881 


10321 


10809 


21x30 


92 


26.3 


6706 


10050 


10436 




100 


, , I 


23x54 


41 


96 7 


6906 


10358 


10908 


23x36 


63 


25.9 


6779 


10168 


10580 






100 


^ ' 


24x64 


38 


26.7 


6905 


10368 


10973 


24x86 


68 


26.0 


6803 


10204 


10666 






80 


1 I 


23x64 


64 


3R5 


7371 


11067 


11607 


33x36 


81 


37.6 


7198 


10797 


11209 






ao 


.. ' 


24x64 


49 


28 6 


7397 


11095 


11730 


34x36 


76 


27.6 


7221 


10831 


11292 






so 


.. i 


36x54 


42 


28 7 


7422 


11134 


11789 


26x43 


56 


2K.0 


7326 


10988 


11479 






RO 


. i 


27x60 


36 


29.0 


7415 


11123 


11837 


27x42 


60 


28.3 


7318 


10978 


11514 






80 




28x60 


32 


29.0 


7415 


11132 


11898 


28x48 


41 


28.6 


7386 


11078 


11660 






DO 




27x60 


48 


31.9 


8156 


18234 


13949 


27x43 


70 


30.8 


7966 


11948 


12484 






m 


. ' 


28x60 


46 


32 


8181 


13373 


13049 


38x48 


57 


31.3 


8096 


12142 


12734 






60 




30x60 


40 


32.3 


8233 


12349 


13189 


30x48 


60 


31.6 


8172 


12259 


12889 






100 




* 16x42 


76 


30.3 


8031 


$13031 


$12376 


16x24 


138 


28.5 


7631 


$11446 


$11706 






100 




■ 17x42 


67 


30.4 


8047 


120T1 


12446 


17x30 


103 


28 9 


7738 


11607 


11883 






100 




' 19 x 48 


47 


31.3 


8189 


12283 


13709 


19x30 


76 


29.9 


7917 


11875 


12195 






80 




' 19x48 


59 


33 9 


8688 


13029 


13455 


19x30 


95 


331 


8494 


12741 


13061 






RO 




' I|21x48 


61 


.33,3 


8734 


13086 


13674 


31x30 


78 


32.6 


8600 


13900 


18266 






80 




' 23 X 54 


35 


34.2 


8846 


13267 


13817 


23x36 


54 


33.1 


8663 


12994 


13406 






60 




' 21x48 


70 


35 7 


9340 


14010 


14498 


21x30 


106 


34.5 


9129 


13693 


14059 






60 




' 23x54 


V 


.37.1 


9595 


14393 


14943 


33x36 


73 


36.6 


9314 


13971 


14383 






60 




' 24x54 


44 


37 3 


9658 


14487 


16102 


34x36 


61 


36.8 


0360 


14040 


14601 






60 




' 26 X 54 


3R 


37 J 


9658 


14487 


15142 


26x42 


6(: 


36.3 


9471 


14196 


14687 






60 




' 27 X 60 


31 


37.8 


9666 


14497 


15212 


27x42 


41 


372 


9631 


14431 


14967 






iioo 


f 1 


„b 15x36 


90 


36.6 


9536 


$14304 


$14620 


15 X 24 


136 


34.6 


9349 


$14033 


$14260 






llOf 




• 16 X 42 


67 


36,.' 


9609 


1441! 


14748 


16x24 


lit 


34.6 


9262 


13S93 


14144 






100 




' !l7x42 


5! 


36 5 


9662 


1449S 


14868 


17x8C 


81 


36.7 


9558 


14338 


14604 






100 




' 19 X 48 


41 


37.3 


9733 


14699 


15113 


19x30 


66 


36.1 


9553 


14339 


14639 






80 




' 17x43 


74 


38 6 


10318 


15326 


16691 


17x30 


103 


37,7 


10095 


15143 


15408 




neitjago. 


80 


■ 


" 19 X 48 


51 


39.5 


10334 


15501 


15915 


19x30 


83 


38.3 


10141 


16312 


16522 
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Tables 
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1 


LONG STROKE ENGINES 






STEAM 






ENGiNE 1 WATER 1 


oSro^sf.. 1 


ENGINE 1 


WATEK 


OP MB TOWpJn^ 


A 


B 


fi 


D 


E F 





H 


r 


V 


K 


p 





H 


I 








Size iintl 




T0T.11, 






Size and 






Total 






SET 


III 


Point 


tion 


i{ '■"■ 


Cot Hour 


For Coal 


Total, 

(Inlorq!t 


DoBigna. 
tijn 


I 


L H, P, 


PorHoui- 


For Coal 


Total, 

irntorost 


























POWER 


m 


Cut off. 


1 1 


1» H.ur 


nZod 


Toa 


Eogbio 


1 1 


- a 


Honr 




per Ton 


Engino 




^'■■-\ 


'm. \i. 


Lf. 






mdododl 


i. ITT 












LhJ, 


Lbj 


Lbs 


'"""' 11 


225 


so i,t„k, 


21x48 


46 39.5 


10334 


J16501 


$16976 


31x30 


68 


88.6 


10312 


$16318 


$15674 


m 


t " 


18x48 


69 41.9 


10962 


16443 


16867 


19x30 


112 


401 


10612 


15918 


16228 


H P 


til) 




31x48 


60 42.0 


10988 


16483 


16958 


21x30 


91 


40,7 


10776 


16164 


16620 




(id 


1 " 


23x54 


41 43.3 


11198 


16797 


17332 


23x36 


63 


41 8 


10930 


16396 


16797 




60 


( ,. 


24x64 


38 43.4 


11224 


16836 


17436 


24x36 


58 


43.0 


10988 


16483 


16932 


m 


100 


}*.!. 


21x48 


67 25.7 


7465 


$11198 


$11686 


21x30 


102 


36,0 


7368 


$11029 


$11396 


11)0 


1 » 


23x64 


46 26.6 


7616 


11422 


11972 


23 X 36 1 


70! 


25 6 


7442 


11163 


11575 


H. P. 


100 


1 " 


24x54 


42 26.5 


7615 


11423 


120S7 


24x36 


64 


26,7 


7465 


11198 


11659 


100 


■■ " 


26x54 


36: 26.4 


7686 


11379 


12034 


26x42 


47 


25 9 


7529 


11294 


11785 




100 


:; " 


27x60 


30 


26.7 


7586 


11379 


12094 


27x42 


43 


26.2 


7629 


11394 


11830 




so 


" 


23 X 64 


60 


28.2 


8102 


12153 


12703 


23x36 


90 


27,9 


7907 


11860 


12272 




so 


" 


24x34 


66 


28,3 


8131 


12197 


12812 


24x36 


83 


37 4 


7966 


11947 


12408 




80 


- " 


26x64 


46 


28.4 


8161 


12241 


12896 


26x42 


61 


378 


8081 


12122 


12613 




8(1 


■• ". 


27x60 


38 


28.8 


8182 


12273 


129881 


27x42 


66 


28 


8023 


13034 


12670 




80 


-■ " 


28x60 


36 


38.8 


8182 


12273 


13049 


28x48 


45 


2S4 


8148 


12222 


12804 




80 


X " 


30x60 


31 


29.0 


8239 


12368 


13198 


30x48 


39 


28,6 


8218 


12327 


12967 




m 


:. " 


28x60 


.60 


31,6 


8979 


13469 


14245 


28x48 


63 


SI 


8908 


13362 


13944 




(iO 


i " 


30x60 44 


31.9 


9063 


13594 


144S4 


30x48 


56 


31.2 


8966 


13448 


14078 




100 


*.hk. 


17x42! 75 


30.0 


8824 


$13236 


$13610 


17x30 


114 


38 8 


8571 


$12857 


$13133 




100 


i " 


19x48 


62 


30,0 


89S8 


13474 


13910 


19x30 


8+ 


28 8 


8471 


12706 


13026 




100 


i" 


21x48 


43:1 31.3 


9099 


13648 


14136 


21 X 30 


73 


29.9 


8788 


13182 


13648 




80 


*" 


19x48 


66 32.9 


9564 


14346 


14772 


19x30 


106 


31.4 


9235 


13853 


14173 




80 


i ■' 


21x48 


67!! 33.0 


9593 


14390 


14878 


21x30 


87 


.321 


9436 


14136 


14491 




80 


i. ■• 


23x54 


391 33.0 


9483 


14224 


14774 


33x36 


60 


32.9 


9560 


14340 


14762 




80 


i " 


24x64| 36 i' 33.0 


9483 


14224 


14839 


24x36 


55 


32.9 


9560 


14340 


14801 




60 


i " 


23x64 


63 i 36.6 


10515 


15773 


16323 


23x36 


81 


36,1 


10197 


16296 


16707 




(iO 


i •• 


24x54 


49 'j 36.9 


10613 


15920 


16536 


24x36 


7+ 


35.4 


10291 


16436 


16897 




00 


*" 


26x64 


42 ) 36.9 


10613 


15920 


16575 


26x42 


66 


36,1; 


10466 


16698 


16189 




60 


* ■' 


27x60 


34 


37 4 


10626 


16938 


16653 


37x42 50 


36,4 


10460 


15690 


16226 




60 


i" 


28x60 


32 


37.4 


10626 


16938 


16714 


28 X 481 41 


36,8 


10563 


16846 


16427 




100 


f*l. 


16x42 


74 


36.9 


10569 


$15838 


$16173 


16x24 131 


34.4 


10238 


$16367 


$15608 




100 




17x42 


661 36.2 


10647 


15971 


16336 


17x301 91 


35,-1 


10636 


; 15S04 


16070 




100 


J " 


19x48 


451 W.O 


10756 


16134 


16548 


19 X 30 i 74 


36,7 


10494 


15741 


16051 




SO 


f " 


19x48 


57 


39.1 


11366 


17049 


17463 


19x30 


93 


•37.8 


11113 


16669 


16979 




K(l 


f " 


21x48 


.50 


.39 S 


11396 


17093 


17568 


21x30 


76 


38.f 


11259 


16888 


17244 




80 


$" 


23x54 


35 


139.9 


11463 


17195 


17730 


23x36 


52 


39.0 


11337 


17005 


17406 




60 


f " 


21x48 


67 


141,6 


12093 


1S140 


18615 


21x30 


103 


39.1 


11360 


17040 


17396 




6i: 


f " 


23x64 


46 


42.9 


12328 


18491 


19026 


23x36 


70 


41.i 


12000 


18000 


18401 




«t 




24x54 


42 


43,1 


12385 


18678 


19178 


24x36 


64 


41.6 


12093 


18139 


18589 




6t 


i " 


26x54 


36 


43.1 


12366 


18634 


19172 


26x42 


47 


42.1 


12238 


18357 


18835 




60 


f " 


27x60 


30 


43.4 


12330 


18494 


19191 


27x42 


43 


42.6 


12341 


18362 


18886 
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Power, &c., of Non-Oondensing Stationary Steam Engines. 
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300 


SO 


itinte 


21x48 


68 


32.4 


11302 


$16953 


$17441 


21x80 


104 


81,3 


11047 


$16570 


$16936 




so 




23 xM 


47 


33 3 


11483 


17224 


17774 


28x86 


72 


32,2 


11163 


16744 


17166 




so 




24x64 


43 


.33 4 


11617 


17276 


17391 


24x36 


66 


32 4 


11303 


16954 


17416 




H.P. 


RO 


: » 


26x64 


37 


33 4 


11617 


17276 


17931 


26x42 


48 


32,8 


11442 


17163 


17654 






80 


i " 


27x60 


30 


83.9 


11667 


17336 


18050 


27x42 


44 


83,1 


11414 


17121 
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60 


i " 


26x64 


60 
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12437 
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26x42 


67 
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12244 
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. " 
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41 
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18818 


19633 
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35.6 


12278 


18417 
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ii 
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38 
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18869 
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28x48 


49 
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12448 


18672 
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. " 
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34 


87.1 
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19812 


30x48 


42 
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100 
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24x64 
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$16126 
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100 
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60 
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66 
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100 
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42 
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49 
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100 


1 " 


30x60 


34 


26.1 


10381 


15671 


16411 


30x48 


48 
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80 
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44 
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100 
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19x48 


72 
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19x30 
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100 




21x48 


60 


30.0 


12209 


! 18314 


18802 


21x30 


100 


28.7 
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17718 


18084 






100 




33x64 


44 


30.9 


12431 
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19197 


23x36 


66 


29,8 


12130 
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18607 






100 
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24x64 


40 


30.S) 
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18647 
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24x86 
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29,9 


12163 


18244 
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80 
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23x64 


66 
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13023 
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80 
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43 
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19914 
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66 


32,4 


13186 
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" 
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51 


32,7 


13165 


19733 
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80 
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28x60 


33 


33,3 


13245 


19867 


20643 


28x48 


42 


82,9 


13236 


19853 


20435 
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70 
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14040 
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60 
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46 
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67 
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/lAGEAM "So. 1 is intended to' show, by inspection, the number of pounds of water 
p required, per hour for one Indicated Horse Power, at different steam pressures and points 
' of cut-off. 

In this Diagram the vertical lines drawn through .0, .20, .30, etc., show the proportion of 
stroke at which it ia assumed that the steam is cut-off, in various cases — the figures expressing 
decimally that proportion. 

The horizontal lines drawn through 70, 60, 50, etc., show the number of pounds of water 
required per hour for one Indicated Horse Power. 

The curved lines A, B, C, D and E refer respectively to the steam pressures named : 
The curve A being the line for pressure of 25 lbs. 
B '' " " 40 " 

C " " " 60 » 

" D " " " 80 " 

E " " " 100 " 

To find from Diagram No. 1 the number of pounds of water per Indicated Horse Power per 
hour at a pressure of steam and proportion of cut-off named, suppose the pressure to be 60 lbs. 
and proportion of cut-off' .30: 

Pind the intersection of the vertical line passing through .30 with the curved line C representing 
60 lbs. steam pressure. It will bo seen that a horizontal line drawn through this intersecting point 
will pass through 41, in the vertical line showing pounds of water, showing that, for a steam 
pressure of 60 ibs., with proportion of cut-off .30, the pounds of water per Indicated Horse Power 
per hour is 41. 

It will be seen, cm examination, that the point of enfeoff, most economical in water, varies with 
the pressure of steam. 

"When the cylinder exceeds one cubic foot capacity, the pounds of water will be somewhat 
less than is shown by the Diagram. 

The lowest point of each curve shows the least number of pounds of water and the most 
economical point of cut-off for each steam pressure. 

The curves A, B, C, D and E have been obtained from a large number of experiments made 
with a small engine, the experiments with each pressure furnishing a series of points through 
which a curve was drawn. 

In Diagram No. 2 the curves D and P are presented to sliow the difference in pounds of water 
when the cylinder is less than one cubic foot capacity, and when the cylinder is greater than ten 
cubic feet capacity ; a steam pressure of 80 Sis. being used in both eases. The cui-ves H and G- are 
presented to show the number of pounds of water which would be required by calculation according 
to Mariotte's law and the well-known tables of specific volumes. Curve H being the theoretical 
curve where there are no clearances and the curve G the corresponding curve when the capacity 
of clearances and ports equals one-twentieth of the piston development. 
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Explanation of TDiagrams. 



There are four eouditious which hilluence the ecouoiny of a non-eoiidenaiiig steam engine, 
viz: 1st — The steam pressure; 2d — The amount of expansion; 3d — The speed of revolution, and 4tb — The 
size of the ci/Uncler. The relative and actual value of each of these has been determined by careful 
experiment. By combining together the facta thus obtaiiied, the cost of the Indicated Hoi-se Power 
has been ascertained in pounds of water per bour for any desired steam pressure, point of cut-off, 
speed of revolution or size of engine. Such results, for the regular sizes of the engines manufactured 
at The Novelty Iron "Works, are presented in the tables on page 7 ei seq., in columns p and p, beaded 
"Water per Indicated Horse Power per hour." The tables are particularly useful in showing the 
exact, value of several of the methods of producing economy of 6team. 

The economy, due to an increase in the size of the engine, is shown in the tables by comparing 
different horse powers, produced under like conditions, and necessarily, therefore, in different sized 
engines. It will be found, however, by selecting any particular horse power, that the highest steam 
pressures and revolutions and shortest points of cut-off mentioned are those which show the greatest 
economy/ of steam. When these three conditions are all favorable, at the same time, the maximum 
economy is obtained, but when one or more only is favorable, the results are so modified as often to 
appear contradictory. For instance, the short stroke engines are, in all cases, a little more economical 
than the corresponding long strokes, and the small engines of each class are more economical than 
the large ones, in all cases where the steam pressures, points of cut-oft' and power developed 
are the same ; for, although the smaller engine, at the same speed, would be less economical, at 
the higher speeds, necessary to produce the same power, the gain, due to the high speed, overbalances 
the loss due to the smaller size of cylinder, as is shown all through the tables. 

Selecting for more particular comparison, 60 Horse Power, on page 12, wc find that using a 
steam pressure of 60 H)s. cut-off' at one-quarter of the stroke, in a 17x42 engine, running 49 
revolutions, the cost of the Indicated Horse Power is 33.9 fes. of water per hour; while, by using 
100 ftts. steam pressure, cut oft' at one-half of the stroke, in a 10x24 engine, running 94 revolutions, 
the cost is only 31.6 B&s. of water per hour. So likewise, the same power can be obtained in a 
9x24 engine, at 102 revolutions, using 100 Jhs. steam pressure, cut off at three-quarters of the stroke, 
more economically than it can in a 14x36 engine at 55 revolutions, using 60 ftis. steam pressure, 
cut oft' at one-half of the stroke. In these cases, the higher steam pressure and revolutions overbalance 
greatly the losses due to the less expansion and smaller engine. 

J and E (No. 3) are Indicator Diagrams, which are intended to show, the comparative value 
of regulating speed hy the throttle or by the cut-oft'. The diagi'ams are of the same area and 
were taken from the same engine. The pressure in the steam pipe was 80 lbs. above the 
atmosphere, in both cases. 

Diagram J was taken with the throttle partially closed and the steam cut off in the cylinder 
by the lap of the main valve, at seven-eighths of the stroke. 

Diagram K was taken with the steam cut off' at one-fourth of the stroke, by an independent 
valve. It has been usual to compare such diagi'ams by assuming that there is used, in each case, 
only a cylinder full of steam of the terminal pressure. This assumption has been found to be 
incorrect in practice. We may, however, compare the two systems of working by referring to 
the curves on Diagram No. 1. The initial pressure of Indicator Diagram J is 58 ibs., and as the 
point of cut-off' is seven-eighths of the stroke, by referring to No. 1 we find, at the point a, that an 
engine, working under these conditions, requires 56 ibs. of water per indicated horse power per hour. 
The initial pressure of diagram K is 80 ftis., and the point of cut-oft' being one-fourth of the stroke, 
wo find at &, in bke manner as before, that the water required is only 35 fcs. per hour. 
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|HE engraving represents one of the Non-Condensing Stationary Steam Engines built at The 

? Novelty Iron "Works, New York. 

The bed-plate of the engine is of the style introduced many years ago by The Novelty Iron 
"Works, and has since been extensively copied by other manufacturers. It may be described as a 
strong oast-iron box, one end of which is so constructed as to form a cylinder head and the other a 
pillow block for the main shaft. The main slides also form part of the same casting as do also 
the strong legs and broad feet upon which the frame is supported. This bed-plate has the advantages 
that the raetal is disposed directly in the line of the strains, and neither the cylinder, main slides 
or pillow block can work loose or get out of proper adjustment. The legs upon which the 
frame rests are put under the slides and under the shaft, which is an additional security against any 
springing of the frame from the oblique strains brought to bear at these points by the connecting rod 
and crank. The cylinder being attached at only one end to the bed-plate is free to expand when heated 
without any alteration of shape — the outer end simply sliding over a small stationary standard which 
carries part of the weight, 

The steam is admitted to and from the cylinder by a plain slide valve, so arranged that the 
cylinder ports are very short and direct, and the amount of steam required to fill the clearance and port 
is much less than in any other arrangement in use. 
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26 jSTon-Condensiiig Stationary Steam Engine. 

The cut-oft' consists of two plates sliding on the back of the main valve and operated by a separate 
eccentric. This cut-off is either set at a fixed point, in the usual way, or made so that it can be adjusted 
by hand, from zero to seven-eighths stroke, by simply turning the cut-off valve stem. Preferably, 
however, the adjustment is made by the governor through a simple arrangement which we will 
try and make understood without illustrations. The cut-oft' is varied by drawing together or 
spreading apart the cut-off plates. To accomplish this by the governor, the plates are operated by 
separate rods which pass outside the chest and connect to the ends of a email double-ended vertical 
lever, the center of which receives motion from the cut-off' eccentric. The double-ended lever has 
attached to it a horizontal arm, which is operated to adjust the plates by a vertical movement derived 
from an adjusting screw on the governor. 

The governor is driven by gear in the simple manner shown, so as to be reliable in its action, 
and is what is ordinarily called a " mill governor." The governor balls have a very slight movement, 
which simply causes a disk on the adjusting screw mentioned to be clutched to the wheels operating 
the governor in such a manner that the screw is turned in one direction by the engine when the 
balls rise, and in the other direction when the balls fall — thereby adjusting the cut-off plates, by the 
power of the engine, the instant the speed changes. The screw stops when the proper speed 
is restored, and the cat-oft' plates are held by it, in a iixed position, until a further change of speed 
takes place. 

The advantages of this form of governor cut-oft' are, that it is simple in construction, positive 
and reliable in its operation, and, unlike any common governor, gives exactly the same speed 
throughout the full range of power and steam pressure. 
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ffHE tables on page 7 ei ssg'., show coiielnaively that any pai'tieular horse power can be obtained 
I a variety of ways in either of a large number of engines of different sizes. All the eases 

' are entirely practical if the engines are especially designed to operate under the conditions 
stated, but there are few instances in which it would be desirable to use the extremes mentioned. 
The proper size of an engine, and the conditions under which it is to be run, must be determined 
by the requirements of each particular case. 

One great dif&culty in fixing the proper size of an engine is to know what power is actually 
required by the purchaser. Too often this is underrated, whence for safety manufacturers have 
been in the habit of furnishing an engine large enough for all contingencies, and therefore, in 
many eases, too large to do the work economically. "We believe that, with the complete guide 
as to power furnished by our tables, it is safe to select engines properly proportioned for the 
work they are expected to perform. For ordinary practice we recommend that the selection be 
made by the following table: 



T A, B L E 

SHOWING 

Kecommesded Sizes oe EsamES foe qiveh" Hoepe Povees. 
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3 
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»0 
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10 
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15 


■7x12 


19x48 


125 


19x30 


8x20 


30 


8x13 


31x48 


150 


31x30 


9x24 


as 


9x15 


33x54 


173 


23x36 


10x24 


30 


10x15 


34x64 


900 


24x36 


11x30 


40 


11x18 


26x54 


333 


26x42 


13x30 


.10 


12x18 


27x60 


330 


27x42 


13x36 


60 


13x31 


28x00 


373 


28x48 


14x36 


70 


14x21 


30x60 


300 


30x48 


15x36 


80 


15x34 
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28 Sizes of Eiisines Recommended for Griven I'o-vrerH. 



The enginea in the foregoing table are of sufficient size to furnish the net horse powers named 
when using 80 ibs. of steam, cut off at one-fourth of the stroke ; and the same power may be obtained 
in the same engine, with greater economy, by increasing the steam preasnre and shortening the point 
of cut-oft', and with leas economy by reducing the steam pressure and following farther in the strote. 
In cases when there is any uncertainty as to the amount of power that will be required, or when it is 
desired to have an engine that will do its work with very little attention, it is best to select for the 
given power an engine one size larger than is set opposite that power in the above table. 
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|HE tables on page T, et seq., giving dimensions, &e., of the engines which will furnish a desired 
fhorse power, atate in columns G and Q the number of pounds of water required to be evaporated 
' to produce that horse power. That evaporation can be provided by boilers of various kinds and 
proportion of parts. Local and other considerations often decide the kind of boiler. In order, therefore, 
to afford the opportunity of selecting the boiler that shall be of adequate evaporative power, and be of 
the kind preferred, a table is given at the close of this article, of the four kinds of boilers most generally 
in use ; giving, for various dimensions of each kind, the evaporative capacity of each boiler. 

In this table the proportion of parts are those most generally in use, which are not always those 
that wilt give the greatest evaporation per pound of coal. Thus a cylinder boiler 18 inches in diameter 
and 18 feet long will evaporate about 7 lbs. of water per pound of coal, but if made 36 feet long it will 
evaporate fully 8 ftis. per pound of coal. 

The amount of water evaporated per pound of coal under favorable conditions by each of the 
three kinds of boilers when proportioned as in our table, has been ascertained by careful experiment 
and is given below: 



NAME OF BOILER. 



Plain Cylinder Boiler, 
Cylinder J'lue " 
" Tubular " 




1.00 
1.14 
1.32 



The performance of a locomotive or marine tubular boiler is substantially the same as that of the 
cylinder tubular, when similarly proportioned. 

In preparing the table of evaporative capacities of boilers, an allowance ot over 25 per cent, has 
been made to provide for differences of management, draft and fuel which may be met with. 

The headings of the columns in the table show what are the particulars stated. 

It will be seen that columns 10 and 11 show the number of pounds of water evaporated, in one 
case from 60° temperature, and in the other from 160°. 

In cases where a single boiler of dimensions stated will not furnish the evaporation required, 
modifications in number and length will be necessary to produce the required evaporation. 
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For example, if a person select for 100 horae power, an engine 17 inches diameter, 43 inches 
stroke, to run at 57 revolutions per minute, and use 80 pounds of steam cut off at J, the total quantity 
of water required per hour would equal 3,488 ibs. No single boiler in the list will evaporate this 
quantity, but it may he obtained by using 

2 Cylinder Tubular Boilers of 55 inches diameter, or 



3 
2 
3 
4 PlaiT 



Flue 



Cylinder 



47 
56 



As a general rale it ia true economy to select a boiler a little larger than is required. The 
variations from the table in either direction should not amount to more than 10 per cent. The amount 
of water evaporated hy either of the plain cylinder boilers may be varied, within large limits, by altering 
the length of the boiler. If the grate surface and height of bridge walls be proportionately altered the 
economy will not be sensibly influenced. The cylinder flue and cylinder tubular boilers may he 
shortened to reduce the heating surface, and will evaporate a quantity of water fully proportioned to the 
reduced length, but at a small sacrifice of economy. 
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TABLES 






SHOWING THE 


PKINOIPAL DIMENSIONS OF 


THE 




High Pp©bb«p© BteftM 


■•11©PB 






BUILT AT 






The NovET/rT Iron Works, Neav York, 






AND THE 






Water Evaporated per Hour by the 


same from the Temperatures of 60" 


and 160° Fahrenheit. 




























O E- 


SHELL OF BOILER 


FLUES OR TUBES j 


STEAM DHUll '• 


UBiTE 


HEAIIHO 


'si£Sie ;,»■" 






Diameter 


Leeqth 


NnUEEH 


DI.METEH 


DIUIETEH 


HE.SEI 


SURF.VGE 




eoe 1 IW 






IncLea 


Feet 




InehsB 


InEbu 


lEEheE 


Squars Feet 


BqEEEe Feet 


Lba. 


LDa. 






18 


18.0 ' 






12 


24 


3.8 


42 


202 


221 






21 


21.0 






14 


28 


5.3 


68 


280 


306 




PLAIN OYLINDEE 


24 


24.0 






15 


30 


6.8 


75 


363 


395 






sr 


27.0 






16 


32 


8.6 


95 


458 


601 






30 


30.0 






18 


36 


10.7 


118 


569 


622 






33 


33.0 






20 


36 


13.0 


143 


689 


754 






36 


36.0 






20 


40 


16.4 


170 


819 


896 






24 


8.5 


2 1 6.5 


12 


24 


3.3 


56 


200 


219 






30 


13.0 


2 


9.0 


15 


30 


6.6 


112 


400 


438 






36 


16.0 


2 


11.0 


18 


30 


9.9 


168 


600 


667 






38 


18.0 


2 


12.6 


22 


36 


12.2 


207 


739 


809 




CYLINDER FLUE 


40 


20.S 


2 


13.6 


24 


42 


14.8 


262 


900 


985 






42 


22.0 


2 


14.6 


26 


42 


16.3 


288 


1028 


1126 




BOILERS 


44 


23.0 


2 


15.0 


26 


42 


18.4 


313 


1117 


1224 






48 


24.5 


2 


16.0 


27 


48 


21.1 


359 


1282 


1404 






62 


26.6 


2 


17.6 


28 


48 


24.9 


423 


1500 


1654 






56 


29.0 


2 


19.0 


30 


54 


29.6 


501 


1789 


1959 






60 


81.6 


2 


20.5 


32 


64 


34.5 


686 


2291 


2092 






66 


36.0 


2 


83.0 


36 


60 


43.8 


746 


2660 


2913 






22 


6.5 


18 


2.0 


12 


24 


2.9 


80 


187 


205 






30 


7.0 


22 


2.6 


16 


30 


6.6 


167 


367 


402 




CYLINDER 


36 


8.6 


34 


2.5 


18 


30 


8.2 


229 


536 


686 






40 


9.0 


42 


2.5 


22 


36 


10.6 


294 


688 


753 




TUBULAR 


44 


11.0 


40 


3.0 


24 


42 


14.7 


409 


967 


1047 






47 


12.5 


34 


3.6 


26 


42 


16.6 


466 


1090 


1193 






51 


14.0 


34 


4.0 


28 


48 


21.1 


692 


1385 


1516 






55 


14.6 


42 


4.0 


30 


54 


26.6 


742 


1736 


1900 






60 


15.0 


52 


4.0 


34 


64 


33.2 


931 


2178 


2383 






66 


16.0 


60 


4.0 


36 


60 


38.3 


1072 


■ 2608 


2744 
















3.0 


85 


199 


218 


















6.9 


165 


386 


422 




LOCOMOTIVE 














8.8 
11.4 


246 
320 


673 
749 


627 
■819 




BOILERS. 














14.3 


400 


936 


1024 
















17.1 


480 


1123 


1229 
















22.5 


630 


1474 


1613 








1 






27.7 


775 


1814 


1984 
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WMlm iyllaier BMlerio 




iylliier Fli« B«llen. 




The above boilers are, if desired, furnished complete, with Cast Iron Fronts and Doora, Grate 
Bars and Bearers, Buckstavea and Bolts, Cast and "Wrought Iron Pipe, Safety, Feed and Stop Valves, 
Guagt! Cocks, Water Guagee and all other fixtures necessary in setting boilers. Complete plans are 
also furnished of the foundation and brickwork. 

For sizes and evaporating power of the above boilers, see previous page. 

See also the article headed "Boilera," on page 29. 
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■ors« PoweF of Btlters. 

(The following remaiks on Horae Power ol Boilers, Boiler Explosions, &c., ate from a paper read before tie Coimeeticut Aoadeniy of 
Sciences, by W. P. TKOWBKlDaE. ) 



The term " Horse Power," in its application to boilera, has heretofore been no less indefinite than th.e 
same term in its application to the engine. It has been cnstomaiy to fix npou some unit of heating surface 
as the unit of the horse power of the boiler. The boiler is supposed to furnish a definite amount of steam at 
the working pressure employed, this amount depending on the heating surface ; and the utilization of all this 
steam, under the most favorable conditions, would thus furnish, through the medium of an engine, a certain 
rate of work, or a certain Horse Power. An inspection of the preceding tables of engines is sufficient, 
however, to show that the same quantity of water evapoi-ated by a boiler will effect different quantities of 
woik in the same engine, or in different engines, under various conditions of working ; these conditions being 
the pressure, the degree of expansion, and the speed of the piston. The rate of work of the boiler thus 
depends entirely on the engine ; and the term " Horse Power," as usually applied, has no very definite 
signification. The effective jx>wer of a given boiler-apparatus, including the chimney, or po^ver for pi'odueing 
the draft, may, perhaps, be estimated by supposing all the steam which such a boiler can produce at a given 
pressure, to be utilized imder the most favorable circumstances conceivable in pi'actice. But it is still 
apparent tliat the power of the boiler is dependent upon the most favorable utilization of the steam. 

A more definite and positive mode of determining the true theoretical or disposable Horse Power of 
boilers may be derived from the investigations of Prof. Zeuner, Director of the Mining School at Freiberg, in 
his work on " The Mechanical Theory of Heat." This new method gives the maximum disposable rate of work, 
witliout reference to the engine ; and hence, when an engine is using all the steam a boiler can prodiice, the 
boiler Horse Power may famish a standard for the economy of the engine. 

The method depends on the following considerations : 

If we suppose the whole work of the boiler to be expended in producing a flow of steam through a 
small orifice, the velocity of the issuing steam is independent of the diameter of the orifice, and dependent only 
on the pressure; but the quantity of steam which flows through in pounds, will, of course, depend on the 
diameter of the orifice; and if the size of the orifice be just sufficient to allow all the steam to escape which 
the boiler can produce, the quantity which Hows through in pounds, in each second, will be just equal to the 
amount which the boiler will produce in a second. The work of the boiler each second will be expended in 
imparting to tliis quantity of water, or steam, the velocity with which it issues from the orifice, and will 
be equal to tlie living- force of the mass in motion with the issuing velocity. 

If M be the quantity of water evaporated in pounds, V the issuing velocity in feet per second, this 
living force will be 

The work expended to produce the velocity V, in the mass M, may be represented by a constant force 
ya 
acting through a given height, P h =: M-g ; P. h. being represented in foot pounds. For the work 

performed by the boiler in one minute we have 60 x P. h. = 60 M.. ^ and if we represent by M' the 

weight of water, in pounds, evaporated and forced out of the orifice in one minute, we have M^ = 60 M. 

and 60, P. h. = M'-^ 

60. P M^ V^ 

If we suppose h to be one foot, and divide by 33.000, we have „» ..qq = 2" <^ ~ 3g 7 )o o = N, = the 

number of horae power of the boiler. 
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Prof. Zeimer furnishes a table of values of the ■velocity V, in metres per second, for different p: 
2 atmospheres, to 14 atmosphere, which is given below. 
The velocities V, for different pressures, taken from Zouuer's table, are as follows : 



For 2 1 
3 
4 
5 



itmosphei 



.T ^ 481.71 metres per second. 

606.57 " " 

681.48 " " 

734.32 " " 

774.89 " " 
807.S7 " " 

834.90 " " 

858.33 " " 
878.74 " " 
896.80 " " 
913.00 " " 
927.69 " " 
941.06 " " 



L English units, have been deduced, and we 



From this table the corresponding values of -^ „„ q,,^- i 

have the very simple results in tlie following table for finding the total theoretical horse power of any boiler. 

TABLE FOE FINDING THE HOKSE POWERS OF BOILERS. 





Horse Power - the 






PrcBBuic! m Boiler, 










toblemalHpUedbyMi 


in 


table multiplied by M' 


Lbs. per Square Inch. 


water evaporated 


Lbs. per Square Inoh. 


water evaporated 




per minute, in lbs. 




pec minute. 


14. T 


O.OxlT 


110 


3A3xW 


20 


0.5 


115 


3.62 


26 


0.9 


120 


3.69 


30 


1.60 


125 


3.66 


35 


1.46 


130 


3.72 


40 


1.66 


136 


3.79 


45 


1.85 


140 


3.85 


60 


2.05 


145 


3.92 


66 


2.23 


150 


3 97 


60 


2.36 


156 


4.02 


85 


2.52 


160 


4.06 


TO 


2.66 


165 


4.12 


15 


2.82 


170 


4.18 


80 


2.87 


176 


4.23 


86 


3.00 


ISO 


4.27 


90 


3.09 


185 


4.32 


95 


3.19 


190 


4.36 


100 


3.28 


196 


4.39 


105 


3.37x11' 


200 


4.40xir 



To use this table, find the weight of water evaporated in each mmuU by the boiler, in pounds, and 
multiply the nambor expressing this weight by the number in the table corresponding to the pressure in the 
boiler ; the product will be the total disposable power of tlie boiler. 
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This new expression for the disposable power of boilei-s was dediiced incidentally by Prof. Zeuner as the 
disposable power of the steam after it enters the cylinder of the engine, and be found its equivalent in an 
expr^sion previously determined for the living force of the steam issuing at a high velocity into the 
atmosphere through a small orifice. 

The value of this rule consists in the facility with which it may be employed, its absolute correctness, 
and the readiness with which tho performance of an engine which utilizes all the steam produced by a given 
boiler may be compared with a perfect working engine, the standard being from 50 to 60 per cent, of the horse 
power of the boiler. A higher efficiency than 60 per cent, cannot probably be looked for in practice with a 
high-pressure engine, as at present constnicted. A perfect working engine may also, conversely, be an 
approximate teat for the economic performance of a given boiler. 

According to determinations of Prof. Zeuner, based exclusively on the dynamic theory of heat applied to 
the problem of the efficiency of ordinary higli-pressnre engines, the utmost efficiency possible, under the most 
favorable conditions of expansion, is from 50 to CO per cent, of this theoi-etical power ; tiie 40 to 50 per cent, 
loss being inherent in the nature of the engine, which no improvement can greatly alter. 

The follo^ving test of this theoretical law, and of the new rule for the disposable power of boilers, is 
derived from the preceding tables of engines. Taliing, for comparison, engines working under steam at 80 
pounds pressure, cutting off at J of the stroke, and making 60 revolutions a minute, we find for engines of 
10, 20, 30, 40, &c., horse powers the quantity of water required per minute from the tables, which ai'e based 
on actual experiments. These quantities are introduced in the following table in the first column; the 
second column showing the disposable horse powers of the boilers which produce exactly those quantities of 
steam ; the third column shows the actual horse powers corresponding for the steam which enters the cylinder, 
according to Mr. Emery's experiments. The efficiency of the smaller engines is placed at 53 per cent., and 
of the larger at 60 per cent., the intermediate powers ranging from 53 to 60. 

If in each case we have a boiler which will evaporate just the quantity of water given in the firet 
column, we may find the theoretical disposable power of these boilera by the preceding rule of horse powers 
of boilere, which should correspond with the results of experiments. 

The results arc given in column four of the table, showing a remarkable coincidence. The accuracy 
of the experimental results in the steam engine tables, and the correctness of the theoretical laws, thus confirm 
each other. 

These examples have been taken at random. A more extended and thorough comparison might be 
made for engines working under various degrees of expansion. 

Table of Compakiboh, 



Ponnda of water which Total disposable power 


Actual H. Power by in- 




passes thiongh ojliader 
of Elaine = 


pressure. 


dicator, from Tallies of 


disposable power 




? — horse power from 


ffeing amonnts of water 


after it entors 


evaporated by Boiler 


Table = Disprj sable 


n iirat column with 80 


par hour. 


power of Steam. 


lb3. p. cutting ofl at i. 




400 


19.3 H. P. 


10 


=10Diy'aiiy,53= 19.0 H.P. 


T71 


31.S '• 


30 


20 " ,53= 36.4 


1159 


56.0 " 


30 


30 " ,53= 54.5 


1460 


70.1 ■' 


40 


40 " ,53= 70,8 


1790 


86.5 " 


50 


50 " ,56= 87.7 


2136 


loaa " 


60 


60 " ,56=102.5 


2469 


119.3 " 


m 


70 « ,56=117.4 


2790 


134.9 " 


80 


80 " ,56=133.7 


3113 


150.5 " 


90 


90 " ,56=148.7 


3424 


165.5 " 


100 


100 " ,60 = 166.6 



FKOM BOn.EE POWEK. 



FEOM EXPEEIMENTAL ENGINE. 
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EXPIANATION OF THE DlAGRAM OF HoKSE FOWER OS" BoILEES, 

This diagram is constructed from the table for finding the horse powers of boilers, or fi-oin the formula 
- tlie velocitieB being taken from Zeuner's table and reduced to English unite. 



i.g.iJ3.U00. 

The formula sliows tliat the curve which indicates the powers of the same boiler witli increasing pressures 
of steam, is a common parabola. In the diagram the same boiler may be supposed to be used with steam press- 
ure increased according to the numbers along the line of abscissas ; and supposing the same quantity of steam 
W to be evaporated each minute, which will be approximately trae, the ordinates of the curve show the 
increase of disposable power of the boiler, as the pressure is increased. 

The enrvo of boiler horse-power, curve (1), supposes the evaporation constant, under different pressures, 
aiid exhibits the law of increase of disposal power as the pressure rises. Aai increase of power would also 
attend increased evaporation. 

The quantity of water or steam in pounds required for a theoretically perfect engine, that is, an engine 
which, for instance, would utilize aU the disposable work of a boiler, is given by Prof. Zeuner in the following 
table, taken from his work, the numbers being reduced to English units. 

QoAHTmr OF Vapob expressed in Pouhds EuqutEiED IN A Theoketioallt Pekfect Esgibe to produce one 
Horse Power per Hour. 



Tension of tie 


Pounda of Water for 


Vapor 


One horse power 


in Atmospliere, 


per hour. 


li 


72.9 


3 


33.8 


4 


36.3 


5 


23.9 


6 


20.7 


8 


18.0 


10 


16.5 



Putting these numbers in the foi-m of a curve, they are represented by curve (2) of tlie preceding diagram. 

This curve exhibits to the eye the rate of diminution of the quantity of steam required in a perfect 
engine to produce one horse power per hour under the different pressures given on the line of abscissas, 

The lower cuiTe (2) may be taken to represent, in a general way, the diminution of tlie size of the 
boiler required for a perfect engine, as the pi-essure rises. And tlie two curves taken together show the 
fallacy of estimating the horee power of the boiler by heating surface alone, or without reference to quantity 
of water evaporated, pressure, &c. 

The efficiency of real engines may be found, in a general way, from curve (3), or by the table from 
which it is derived, by taking double the quantities of water as the amount required for any given pressui-e, 
when the steam is utilized under the most favorable conditions. 

The Evaporative Power of Boilers. 
The quantity of water evaporated by a given boiler in an hour, depends not only on the heating-surface 
and the proportions of tlie grate-surface, heating-surface, and draft area, but also upon the quantity of air 
which passes through the furnace in a given time. A locomotive boiler, for instance, burning ten pounds of 
coal on each square foot of grate-surface in an hour, will evaporate about nine pounds of water for each pound 
of coal, imder the most favorable conditions. The same boiler, running at high speed and burning seventy- 
five pounds of coal on each square foot of grate-surface, wiE evaporate seven pounds of water for each pound 
of coal burned. The total quantity evaporated in an hour in the first case will be 10x9=90 pounds of water 
for each squai'e foot of grate surface ; and in the second, case, the same boiler, under a forced draft, will 
evaporate 75 x 7=525 of water in one hour. Here there is a vast difference in the total amount of evapora- 
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tion ; biit each pound of coal, niider the forced draft, p:'odnces lees steam, in the proportion of 7 to 9 pounds ; 
so that whilb the economy of fuel in one sense is lose, tlie total amount of work done by the same boiler in the 
same time is very much greater with the higher rate of combustion. 

The same differences occur in stationary boilers having the same general proportions, but different 
heights of chimneys. The chimney is the machine or agency which produces the flow of air through the fur- 
nace, and which, by its height, determines the quantity which passes through in a given time. It is, therefore? 
the principal element in the determination of the total evaporation of a boiler in a given time. 

There are probably no phenomena eonneoted witli the generation and utilization of steam so imperfectly 
deSned, either theoretically or practically, at present, as those connected witli the quantity of air which passes 
through the furnaces of boilers, under varying conditions of draft, and the t&rwp&eatwres of the furnace and 
flues which depend on this quantity. And hence, foi- greatly varying heights of chimneys, the quantity of 
coal consumed per hour can only be determined vci advance by the most uncertain estimates. It has been 
generally assumed from the experiments of Prof. Johnston, Mr. Hunt, and others, that in ordinary 
practice double the amount of air necessary for complete combustion passes through the fuimace. It 
is contended, on the otlier hand, by Rankine and Clarke, that for high rates of combustion this law is 
not true ; and experiments made at the Paris Exposition, in which the quantity of air was measured, in differ- 
ent cases, show that in ordinary practice this law of double the quantity is by no means to be rehed on. 
Hence all attempts to reduce the laws of evaporation of boilers to fiwd and definite rules of practice for all 
conditions of draft, have thus far been based on assumptions which have no definite and precise foundation 
in practice. 

For stationary' and steamship boilers the chimneys are generally of a uniform height, arising from the 
natui'e of the structures with which they ai'e connected, and hence the approximate amount of combustion on 
a square foot of grate-surface, and the resulting evaporation of water per hour, are pretty well known from 
practical observations. The tables of evaporation given on page 31 have been determined from such consid- 
erations, and are not intended to represent what the boilers there given might accomplish, under vanous rates 
of combustion arising from greatly varying heights of chimneys. 

Experiments are greatly needed to determine the rates of combustion for varj'ing dimensions of 
chimneys, as well as the quantities of air actually drawn thi-ough the fui-naces under these varying rates of 
combustion. Such determinations are necessary in order to establish the corresponding temperatures of the 
furnaces and the gaseous products of combustion, and from these, the laws of transfer of heat by radiation 
and contact in the furnaces aud fines respectively. 



B«tl@r IsplesloBS. 



The risk of life and property involved in the use of the Steam Boiler is still, as it has always been, a 
source of constant anxiety to the Engineer and to the public. Explosions continually take place under 
circumstances of the utmost apparent security. Occurring without warning, and occupying but an instant of 
time, it is generally difficult, if not impossible, except in rare instances, to ascertain with certainty their true 
cause. There is seldom a imanimons opinion on the pai't of experts who examine into the causes after the event. 

The following remarks on the subject are intended, tliei-efore, to point out, as far as possible, some of 
the obvious sources of danger, which axe clearly indicated by the developments of the Dynamic theory of 
heat, and confirmed by actual experiments. The results will serve, perhaps, to indicate more clearly the 
direction in which further experiments are needed. 

Explosion can occur from two causes only— iirst, from deficiency of strength in the shell or other parts 
of a boiler. This deficiency of strength may be an original defect ai-ising in the material or workmanship at 
the time of construction; or it may be duo to deterioration from use, from ordinary wear, or from injuries 
occurring from mismanagement, want of attention and repairs, etc. Manufacturers and Engineei'S are 
supposed to comprehend fully th^e causes of dangez', and ought to be able to avoid them. 
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The other source of danger arises from an accumulation of preaaure within the boiler, to a dangerous 
degree above that which the stnicture Is designed to resist. This accmnulation of preesnre may be gradual, 
and due simply to the increase of pressure which attends a continued evaporation when there is not sufficient 
outlet foi- the steam constantly formed. This source of danger will iirst be discussed. 

One question to be solved is at what itite, in time, will tlie pressure in any given hoUer in actime use 
increase if there is no outlet for the steam. In other words, how long a time must elapse before the pressure 
under such circumstances will rise from an ordinary working pressixre to a dangerous or prohibited pressure. 
Tins ia a practical question, and its solution ought to point out the degi-ee of watchfulness neeessaiy 
on the pai-t of an engineer. It has been solved in a very thorough and practical manner by Mr. Zeuner, in 
the work to which reference has been made. 

The formula which is given below is Prof. Zeuner's formula derived, not from experiments, but in an 
incidental manner from a mathematical discussion of the laws of temperatnre, pressure, and volumes of 
vapors, based on Eegnault's expeiiments. 
Let 

T be the time in minutes which must elapse from the instant that all egress of steam is prevented 
in a boiler (by the stopping of the engine and closing of the safety-valve) to the instant when a 
dangerous or bursting pressure must follow in the boiler. 
W Hepresent the weight of water in the boiler. 

ti- The temperatuj'e of the water due to the dangerous pressure. 
t. The temperature due to the working pressure. 
Q The quantity of heat in units of heat transferred to the water per minute. 
Then 

T - "W (t. — t) 

Q 

the mean specific heat of water being taken as unity. 

This formula shows that the time, T, is greater the greater the amount of water in the boiler, and it 
diminishes as Q increases. T is less also as (t, — t) is less. At high pressures a greater change of pressure 
accompanies a small change of (t, — t), and T will fluctuate more rapidly at high pressures than at low 
ires. 

The following examples, as illusti'ations, will exhibit the applications of the formula : — 

EXAMPLE 1. 
A Marine Tubuki/r Boiler of the Largest Size. 
W='r9,000 lbs. of water. 

Suppose the working pressure to be 2^ atmospheres, and the dangerous pressure 4. atmospheres, 

(t, — 1)=29'' Eahr. 
The boiler contains 5,000 square feet of heating surface, and supposing the evaporation to be 2,5 lbs. 
per hour for each square foot of heating surface, we have, 



n ■ ;i j: ,. ■ . 5,000 X .2.5 
y m pounds of water per mmute = .- ' ■ - ; ■- . 

And taking as a sufficient approximation 1,000 units of heat as the equivalent of the evaporation of 
1 lb. of water, we have, 

5,000 X .2.5. X 1,000 



Q in units of heat = - 
These numbers introduced into the formula give, 
T= 



79,000 X 29° 



5,000 X .2.5. X 1,000 



60. 
=11 miniites. 



60 



Hence the steam would reach a dangerous pressure in 11 minutes. 
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EXAMPLE 2. 
A Eeturn Tubular Boiler, containing 3,000 lbs. of water, and having 500 square feet of heating 
surface, each square foot evaporating, as before, 2^ lbs. of water. 

Suppose the ordinary working presaure to be 15 lbs., and the dangerous pressure to be 150 lbs. per 
square inch. 

The formula gives, 

T=7 minutes. 

EXAMPLE 3. 
A Locomotive Boiler, containing 5,000 lbs. of water, and having 11 square feet of gi'ate surface, and 
burning 100 lbs. of coal on each square foot of grate an hour. Each pound of coal will, under such 
conditions, evaporate aboiit 7 lbs. of water. 

Suppose the working pressure to be 100 lbs., and the dangeivjus pressure to be 200 lbs. per square inch. 
The transition from the working to the dangerous pressure wiU occur in 
T=2 muiutes. 
This example is, of course, an impossible case, because no locomotive standing still can burn 100 lbs. 
of coal on a square foot of grate in an hour. It illustrates, nevertheless, the degi-ee of danger under 
circumstances which may occur. For if we suppose this locomotive standing still to burn only 10 lbs. of coal 
per hour on each squai* foot of gi-ate, the time T will be increased ten times, and we will have, 
T=20 minutes. 

EXAMPLE i. 
The Steam Fire EngiTie. Taking an actual case. The boiler contains 338 pounds of water, and 
it has 157 square feet of heating surface. 

Supposing each square foot of heating surface to generate 1 pound of steam in one hour, the pressure 
will rise from 100 to 200 pounds in 

T=7 minutes. 

EXAMPLE 5. 
To find in the same boiler how long a time will be required to get up steam. That is to mn the 
pr^sure from to 100 lbs. 

If we suppose only 1^ cubic feet of water to be introduced into the boiler at first, we shall haio 
93 X 117 
T = 157x1000 =4.1 minutes. 
60 
This residt is realized in practice, and exhibits the truth of the formula. 

The formula shows generally that boilers which contain large quantities of water and burn coal slowly, 
have less rapid iluctuations of pressure. And also that the lowering of tlie water in the boiler from failure of 
the feed apparatus, by diminishing W, diminishes also T in the same proportion. 

Low water increases the danger of explosions, therefore, not only by exposing plates to overheating, 

followed by a sudden evolution of steam, but by diminishing the ratio -=-. It is even probable that Q is largely 

increased in such cases by internal radiation of heat from the plates to the water. 

Safety Valves. 
It is supposed that a gra^Molly inereasmg pressure can never talio place if the safety valve is in 
good working order, and if it have proper proportions. Upon this assumption, universally acquiesced in, when 
tiiere is no accountable cause, explosions are attributed to the " sticking " of the valves, or to " bent valve 
steins," or " inoperative" valve springs. Ae the safety valve is the sole reliance in case of neglect or inatten- 
tion on the part of the engine driver, it is important to examine its mode of working closely. 
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It is designed on the assumption that it will rise from its seat under the statical pressure in the boiler, 
when this pressure exceeds tlie exterior pressure on tlie valve, and that it will remain ofE its seat sufficiently far 
to permit all the steam which the boiler can produce to escape around the edges of the valve. 

The problem to be solved is, then, to find first what amount of free orifice is necessary for the flow of 
steam from a given boiler under a given pressure, and then to ascertain whether ordinary valves will rise far 
enough to give this amount of free orifice. 

The ordinary safety valve, as at present constructed, consists of a disc which closes the outlet of a short 
pipe leading from the boiler. The area of the disc or diameter of the valve is usually determined from theoretical 
considerations based on the velocity of the flow, or upon the results of experiments made to ascertain the area 
of orifice necessary for the flow of all the steam a boiler can produce under a given pressure. The fact is 
recognized by engineers and constructors, that the real diameters of safety valves must be greater than the 
theoretical orifices, because common observation shows that the valves do not rise appreciably from their seats ; 
and to make the outlet around the edges of the valve equal in area to the pipe, the valve should rise ^ of its 
diameter. 

The uncertainty begins when it is attempted to fix upon a diameter. The difficulties of the problem 
become evident in the light of late experiments. 

In regard to the area of orifice neee^ary, this question is solved by Prof. Zeuner in a very simple manner 
theoretically ; the following table gives the results of his determinations reduced to English units. 

Let d be tlie diameter of the orifice in inches, and w the weight of steam which flows through the 
orifice in a second (equal to'the weight of water evaparated in a second) in the problem under consideration ; 
then the diametera d for different pressures are found from the following table. 



i d - 1.72 V^ 
d = 1.51 Vw 
d = 1.41 Vw 
d = 1.35 Vm 
d = 1.30 Vw 
d = i.38 Vw 
d = 1.22 \/w 



Tor 9 atmospheres d = 1.22 y/im 
10 " d= 1.21 Vw 

d = 1.19 Vw 
d = 1.18 V^ 

d = 1.16 y'w 
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The following Table gives the resiilts of experiments made at the Novelty Iron Works in New York 
Oity, several years before Prof. Zeuncr's work was publislied. These experimental results have never before 
been published. The observations were made with great care, with a tubular boiler adapted to the 
experiments. 

The first column gives the pressure in pounds per square inch in the boiler, and the second the area of 
orifloe in square inches for each square foot of heating surface of the boiler. 



Pressure in the Boiler in 


Area of Orifice in square 


pounds above tte at- 


inohes for eacli square 




foot of heating surface. 


0.25 


.032704 


0.6 


.021164 


1. 


.018515 


2. 


.014814 


3. 


.01.2345 


4. 


.010582 


6. 


.009259 


10. 


.005C98 


20. 


.003221 


30. 


.002244 


40. 


.001723 


60. 


.001398 


60. 


.00117(3 


70. 


.001015 


80. 


.000893 


90. 


.000796 


100. 


.000719 


160. 


.000481 


200. 


.000364 



To compare the i-esnlts of Zeuncr's formula, which is entirely theoretical, with the results of these 
experiments, we may assume that each square foot of heating ani-face of a tubular boiler will evaporate 
2.5 pounds of water per hour with ordinary chimney draft. Taking a series of boilei-s of the different heating 
surfaces named below, the comparison is given for two pressures, 3 and 5 atmospheres. 



3 ATMOSPHERES. 


6 ATMOSPHBEiS. 


H SATING STJKFACiB, 


AREA OF OltlPICB BY 


AltBA OP ORIFICE BT 


HEATISa 8UBFACES 


AREA OF OKIPICB BY 


AltEA Off ORIFIOB BY 


SQTJAltE PEBT. 


EXPEIUMEMT. 


FOEMULA. 


m FBET. 


EXPERIMENT. 


FORMULA. 




SQUARE INCHES. 


SQITAREIBCHEB. 




SflUAEE INCHES. 


6UI!A«E ISCHES. 


lOO 


.089 


.09 


100 


.12 


.12 


200 


.180 


.19 


200 


.24 


.24 


500 


.45 


.48 


500 


.59 


.59 


1000 


.89 


.94 


1000 


1.20 


1.18 


2000 


1.78 


1.90 


:.000 


2.40 


2.37 


5000 


4.46 


4.75 


5000 


6.00 


5.95 



At five atmospheres pressure the results from tlie two sources are almost identical, and at 3 atmospheres 
sufliciently near to make a remarkable coincidence. The formula of Mr. Zeuner is, however, preferable in 
practice, as it takes account of the weight of water evaporated, which depends on the amount of fuel hurried 
~tc.) and is therefore more comprehensive. 
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The mode of determining the area of free orifice necessary for the flow of steam may thi^ be considered 
theoretically and practically settled. 

The next question for consideration 13, how High will any safety valve rise under the infliience of a 
given pressure ? This question cannot be determined theoretically, except that it has been demonstrated by 
Zeuner, Weisbach, and others, that as soon as the flow of steam begins the pressure in tlie plane of tlie orifice 
rapidly diminishes, and in fact ceases at a minute distance from the orifice, and is also diminished within the 
orifice, in the pipe. It has been supposed that the force of the issuing steam striting against the lower face 
of the valve may act to keep it off its seat. 

This question has been settled conclusively by Mr. Burg, of Vienna, an account of whose experiments 
was published in the proceedings of the Vienna Academy of Sciences in 1863. Mi: Burg made careful 
expei-iments to determine the actual rise of safety valves above their seats. He found by actual measurements, 
made by means of apparatus constructed for the purpose, that an ordinary foiu'-inch valve rises according to 
the la^TO stated below. For a boiler pressure of 



12 
The rise of the v 



20 



35 



1 



45 



60 



70 



80 



36 



54 



fiS 



86 



.of i 



)8 133 168 

1 inch, fi-ora 40 to 70 lbs. -, 



, and 



Or, taking average valves, the rise for pressures from 10 to 40 
from 70 to 90 II33. TJhr of an inch. 

These results show that tlie rise diminishes rapidly, as tlie pressure increases— a result which is indicated 
by theory. The very small rise for pressures from 70 to 90 lbs., ^h "f an inch, is remarkable. 

If now we take a tubular boiler with 500 square feet of heating surface, the free orifice necessary for 
the flow of all the steam the boiler can produce at 5 atmospheres pressure will be, according to Zeuner's 
Foimula, ^j- of a square inch. Let x be the diameter of tlie valve, which, by rising ^3-13- of an inch, shall give 
this amount of free orifice. The circumference will be approximately 3ic, and we must have 3x. j^ = .59 
square inches, from which we find the diameter of the required valve, 
X = 23.6 inches. 

This is an impracticable size. If we assume a size of six inches diameter as suitable, and ascciiain how 
high the valve must rise to make an annidar opening around the edge equal to .59 of an inch, we may let x 
represent the rise of the valve. The circumference will be, in round numbers, 3 x 6 = 18 inches, and we 
will have 18 x « = .59 squai-e inches ; i« = ^^ "^ an inch. This amount of rise appears clearly impossible 
from the results of Mr. Burg given above, as the valve will rise under 5 atmospheres only y^^ of an inch. 

These results have been confirmed in another manner. SaiZy, in experimenting with his volute springs, 
found that, for an ordinai'y locomotive, a valve of 13 inches diameter was required, and with this the pressure 
in the boiler rose considerably above the pressure at which the valve was set. With ordinary valves he found 
that there was no rehef of the boiler when the fires were kept in full blast. Q-ooeh, the English engineer, 
recommended three safety valves to each locomotive. And Mi-. Holley, in his recent work on Railway 
Practice, recognizing the inefiiciency of the ordinary valve, states that he lias seen tlie pressure in a locomotive 
boiler rise to 140 lbs., with two valves blowing off at 100 lbs. 

These facta and exiiressioiis from practical engineers are sufficient to confirm the foregoing deductions. 

Another series of expemnente, made by Mr. Burg, is still more conclusive, and justifies hiin in the 
statement that the "most inGomprehensiUe delusion has existed in regard to the efficiency of the valve, as 
commonly employed ; " and that it acts at most only as an alarm, but cannot be depended on as security against 
explosions. 

Ills final experiments were made with a view of determining the pressure in pounds per square inch 
actually exerted upon the under surface of the valve, witli different amounts of rise or lift, and were intended 
to supplement the first experiments. 
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He constructed an apparatus by which he was enabled to remove weights from the exterior load on 
the valvo at the same time that he measured, by the revolutions of a screw, very accurately, tlie corresponding 
rise. 

The results are given in the following diagrams, which have been made from his pnbliaiied records. 
Six experiments were made, in which the pressure of steam in the boiler was first taken at 10 English lbs,; 
then at 27; again at 33, 44, 65, and' 15 lbs. The results correspond to the numbers 1, 2, 3, 4, 5, 6, in the 
diagi'ams. 

At the beginning of each experiment the valve was loaded to resist the required pressure in the boiler. 
The curves 1, 2, 3, 4, 5, 6, represent the rising of the valves, during each aeries, as weights were taken off the 
the valve. The horizontal line of numbers, 0, 5, 10, 15, &c., gives the actual pressures on the lower surfaces 
of the valve in pounds per square inch for the rise of valve, as shown by projecting the number down to the 
corresponding curve. 

Thus, in the first experiment, beginning with ten lbs. constant pressure per square inch in the boiler, 
the rise {curve (1) ) was zero ; by removing weights, 1 lb. at a time, the valve rose according to cuiTe {!), 
the height from the b^e line, 0, 0, 0, being in lines, or ^ of an inchJ With a rise of IJ Hues, for instance, 
the pressure on the lower surface of the valve was only 5 lbs., and with a rise of 1.9 lines (about 2 lines, or 
^ of au inch), the pre^ure on the lower surface of the valve was less than 1 lb. per square inch. 

Taking the fifth series of experiments, with a constant boiler pressure of 65 lbs., it is seen by curve 5 
that a reduction of pressure to 35 lbs. (by unloading the valve), was necessary, in order that the valve might 
rise -/g- lines, or -^^ of an inch. 

In all the experiments a rise of two lines, -j- of an inch, as shown by the curves, was only accomplished 
by diminishing the load on the valves, until the pressure on the under surface was reduced to less th<m 7 Ihs. 
per square inch. 

These remarkable results show that when a valve stands from its seat the very small distance of |- of an 
inch, there is practically v&ry little sustainmg force in the curi'ent of outflowing steam. They confirm the 
formei' resiilts that, to obtain a rise of valve above the minimum height of yJo- if fui ii^ch for high pressures, 
ail increasing pressure within the boiler is not sufiicient. On the conti'ary, a diminution of exterior load on 
the valve is indispensable. 

These results show conclusively that the ordhiary safety valve presents no real seenrity. If the fires 
are kept up, and no other relief afforded than the self-action of the valve, the pressure on tlie boiler must 
continiio to rise,* and a few minutes inattention on the part of an engineer may result in an explosion. It is 
not necessary to such a result that the valve shoidd "stick," or that the stem should "be bent," for it is proved 
beyond a doubt tliat the higher the pressv/re, the less wiU the valverise; and in not rising it simply obeys the 
action of the forces exerted upon it. 



ExploBions arising from Sudden Evolutions of Steam. 

A gradually incrmsing pressure to a dangerous degree would be impossible in any boiler, if the safety 
valve were what it is supposed to be, viz., a perfect automatic means for liberating all the steam which a boiler 
may produce with the fires in fuH blast, and all other orifices for the escape of steam closed. Until such a 
safety valve shall have been devised and adopted into general use, safety from gradually-increasing pressure 
must depend on the attention and watchfulness of the engineer alone. 

There are supposed to be, however, occasional instances of sudden or violent evolution of steam, in such 
quantities that no relief is possible through the medium of safety valves, however perfect they may be in their 
functions. 



* The formnlLi for 



of oi'Ifioe shows that the free oi-ificii ^ 



a diminishcM hut Hloivly as the 
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To this must be added tJie diminTition of atmospheric pressiire on the upper em-face of the Yalve, 
which takes place when the valve rises. When the valve is seated, tlie atmosphere presses npon the whole 
surface; when it rises, oidy so nurch of this surface as is represented hy the ci-oss section of the stem, 
is subject to the unbalanced pressure of the atmosphere. Witli a i^ inch valve and 4 inch stem, the 
additional virtual diminution of exterior load will be, from this cause, about 90 lbs., and the total diminution 
may bo taken at 1,039 lbs., malving a virtual relief of pressure of 64 lbs. per square incli. 

This would leave an nnbalanced pressure from the exterior load of 11 lbs. per square inch, upon 
the area of the valve. 

A rise of one-sixth of an inch nearly, as shown by the corves, would take place, and an increase 
of pressure in the boiler more tlian 5 lbs. above this would be impossible fi'om oi-diiiary causes. 

It would be advisable in the case presented to make the valve 5 inches in diameter, and thus secure 
a margin for excessive firing. 

This is believed to be an exact method of estimating the dimensions of valves, and one which will 
be borne out in practice. With the constrnction proposed, the gradual accumulation of pressure, with all 
other onfiees closed and the firing kept up, should be impossible, and the valve becomes in reality a sa-FE-rr 
valve. 
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